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EVERYTHING YOU NEED TO KNOW ABOUT THE UNIVERSE THIS MONTH... 


The Valles Marineris can- 
yon system boasts the 


HOT BYTES >> 


UGC 1382 has acore 
younger than its spiral 
arms, indicating itis 
most likely made of 
merged pieces of young- 
erand older galaxies 


New research suggests 
the intense heat from 
fF) Jupiter's Great Red Spot 
comes from turbulent 
layers deeper in the 
planet's atmosphere, 


highest density of recur- 
ring slope lineae, dark 
streaks that may point to 
surface liquid water. 


SNAPSHOT 


Will we ever 
decipher 
dark matter? 


The material that makes up much 
of the cosmos has been a mystery 
ever since its conception in the 1930s 


Fritz Zwicky suggested it in the 1930s. 
Years later, in the 1970s, Vera Rubin and 
her group discovered concrete evidence 
for it, And decades later, the Planck sat- 
ellite determined that 26 percent of the 
universe is composed of it. 

And yet we still really have no idea 
what dark matter may be, For a time, 
cosmologists thought it may consist of 
large items — free-floating black holes, 
runaway planets, brown dwarfs that were 
hard to see over long distances, or so- 
called MACHOS, massive compact halo 
objects. But the evidence seems to point 
away from any of these large critters on a 
scale that we could easily understand, 
and toward subatomic particles. 

In the 1970s, physicists proposed an 
elementary particle called the axion that 


has a very small mass and — if it exists 
— could interact with normal matter in 
the right way to explain the existence of 
dark matter, But the problem is that no 
one yet has detected an axion 

So the story rolls on. We know that 
dark matter is there and affects galaxy 
rotations, among other things, But the 
answer about what exactly dark matter is 
still eludes. Stay tuned. — David J. Eicher 


Dark matter governs the gravitational behavior of galaxies, and their rotation rates were one of the first cues that led to its 
discovery. This image shows the beautiful spiral NGC 2403 in Camelopardalis 
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STRANGEUNIVERSE 


BY BOB BERMAN 


The Super-Ultra 
HyperMoon 


It's our satellite's closest approach in 68 years. 


all the things 
happening in 
the universe 

this year, the 


November 14 “Super Moon” 
will probably get the most 
media attention. This extraor- 
dinarily close lunar approach is 
not hype — well, not all hype. 

“Super Moon” never used to 
bea term uttered by astrophysi- 
cists, but now, almost everyone is 
using it, The public loves this 
concept, and, after all, it’s a celes- 
tial event that physically affects 
us, We can't say that about a 
Jupiter opposition or a supernova 
in the Whirlpool Galaxy. 

In my area, people taking the 
woodsy trail along the Hudson 
River within an hour of high 
tide on November 15 will have 
to wade through knee-deep 
water, (Tides are highest one 
day after a Super Moon). It’s a 
tangible connection between 
our world and the cosmos. ‘The 
Moon hasn't been this close 
since January 26, 1948. 

‘The media nonetheless feel 
compelled to exaggerate. 
‘They'll probably tell everyone 
to look up and see an enormous 
Moon. Actually, this largest 
Moon is only 7 percent bigger 
than average. That's not a 
noticeable size difference. As 
our readers know, the most 
dramatic effect happens at dusk 
when the Full Moon rises. Seen 
just over the skyline so that 
earthly objects are near it, the 
Moon looks much bigger. This 
well-known Moon illusion 
boosts its perceived size far 
more than its perigee. But let's 
see how close closest approach 


can get us, even if our eyes 
won't appreciate the difference. 

At 6:24 A.M, EST, the Moon 
will be only 356,509 kilometers 
, That's 221,524 miles — 
truly impressive! The previous 
noteworthy lunar perigee hap- 
pened December 12, 2008, 
when it was just 36 miles 
(58km) more distant. Before 
that we had the perigee of 
‘March 8, 1993, and this month’s 
approach bests that one by a 
mere 12 miles (19km). 

Alll of these super-close 
encounters happened within a 
few hours of the Full Moon. 


‘This is no coincidence, The 
‘Moon's far point, or apogee, 
barely varies month to month, 
but perigee is a different story. 
‘The only way the Moon can 


FROM OUR INBOX 


Well explained 
I wish to take this opportunity to thank John Kormendy for 
his article “Why are there so many black holes?” in the August 
2016 issue. His explanation was clear and concise and helped 
me understand, at least in a basic manner, the physics involved 
in our complicated universe. It is rare to have a comprehensive 
picture and explanation in such terms as to be understood by 
the general public. Thank you for understanding the need for 
clarity and simplicity in this work. — Donald |. Craig Jr,, indianapolis 


We welcome your comments at Astronomy Letters, P. 0. Box 1612, 
Waukesha, WI 53187; or email to letters@astronomy.com. Please 
include your name, city, state, and country. Letters may be edited for 


space and clarit 


us (and therefore more gravita- 
tionally influential) helps the 
‘Moon's orbit change shape and 
come a bit closer. 

‘The Moon's distance is usu- 
ally expressed from Earth's cen- 
ter to the Moon's midpoint 
because we use the centers of 
celestial bodies to calculate 
motion. But none of us live at 
our planet's core or can observe 
the Moon's interior. So let's 
state the separation we're actu- 
ally observing: On November 
14, the Moon's surface hovers 
just 216,481 miles (348,392km) 
from our eyeballs. A 100x tele- 
scopic magnification will then 


THIS EXTRAORDINARILY CLOSE 
LUNAR APPROACH IS NOT HYPE — 
WELL, NOT ALL HYPE. 


approach so closely is by ramp- 
ing up the overall gravitational 
influence by aligning with the 
Sun, which happens exclusively 
ata New or Full phase. Writers 
who want to make it seem as if 
the Full Moon/close Moon con- 
fluence is an amazing coinci- 
dence ignore the fact that such 
nearby lunar visits simply never 
happen during the Half, 
Crescent, or Gibbous times of 
the month. 

Notice, too, that these previ- 
ous “Super-Duper Moons” were 
all within a few months of 
Earth's perihelion in early 
January. That's no coincidence, 
either. Having the Sun nearer to 


INIVERSE’ 


make craters appear exactly one 
‘Moon-width away. That's really 
close! It won't be this near again 
until November 25, 2034. 

‘This year’s close approach is 
a two-night affair for North 
American observers. Perigee 
occurs during the early morn- 
ing of the 14th, with Full Moon 
three hours later. So the Moon 
actually will be a bit larger 
Sunday night, the 13th. Count 
on this being overlooked in 
most news stories. 

Seeing the very largest Moon 
requires that you stand on 
Earth where the Moon is closest 
to you. Observing from atop 
‘Mount Everest wouldn't 


com/Berman. 


normally do the job — you'd 
need to use Earth’s 26-mile- 
high equatorial bulge, and thus 
choose a tall peak near the 
equator. The ideal place is usu- 
ally Mount Chimborazo in 
Ecuador. But not this time. The 
closest Moons occur in the 
northern section of the zodiac. 
With the Moon in Aries on 
November 13 and in Taurus 
the next night, you'd get closest 
by sticking with Everest. 

Pick the wrong place — say, 
Antarctica — and now the 
Moon looks 3 percent smaller. 
Bad timing shrinks it, too. 
Despite illusory appearances, 
the Moon is more distant 
whenever it’s low in the sky. It 
grows measurably larger when 
high overhead because Earth’s 
rotation has then carried you 
as much as 4,000 miles closer 
to it. This inflates the lunar 
disk by another 2 percent. 

Because this Moon is north 
of Earth, you'd get nicely close 
by driving to it if you choose 
Mauna Kea in Hawaii. In the 
northern tropics, it offers some 
of that bulge advantage, and 
you'd be up 14,000 feet 
(4.3km), though you'll need 
four-wheel drive, 

But hey, no need to go to all 
that trouble. The best Full 
Moon in years is right out your 
window. @ 


Contact me about hy. 
strange universe by visiting 
http://skymanbob.com. 
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n the quest for dark energy, astronomers 

have created an unprecedented 3-D map of 

1.2 million galaxies ina volume of about 

650 cubic billion light-years. Hundreds of 
astronomers from the Sloan Digital Sky 
Survey III (SDSS-III) and the Max Planck 
institutes for extraterrestrial physics (MPE) 
and for astrophysics (MPA) contributed 
‘The astronomers found that the map agrees 
with the current cosmological model (the 
Lambda Cold Dark Matter model), and con- 
firms that dark energy is a cosmological 
constant, 

The project was designed to monitor the 

cosmological constant, sometimes called 
Lambda. The term was coined by Albert 


MUCH LARGER 


MERCURY USED TO BE 


Lower mantle 


A small 3-D section 
of the larger map 
depicting 1.2 million 
galaxies. vss usr 


NEW MAP PLOTS 1.2 MILLION GALAXIES 


Einstein to describe the repellent effect in 
the universe, By mapping the galaxies, 
researchers could witness their interactions, 

‘The map reveals that galaxies tend to 
move to areas with more matter, staying true 
to the laws of gravity, with the infall of mate- 
rial in galactic disks following the laws of 
general relativity. This suggests that the idea 
of the expansion of the universe is caused by 
a phenomenon like dark energy that works 
on large cosmic scales and not our theories 
of gravity breaking down. 

With the creation of this map, astrono- 
mers may be getting closer to finding an 
answer to the nature of dark energy. 

—Jordan Rice 


‘1974 Mercury moon 


indirect “detection” 
ended up beinga 
background star's 
radiation. 


Solid inner core 


Liquid outer core 


Mercury 


/ Upper mantle 


Crust 


Solid 7 


Liquid 
middle core 


‘crust 
Mantle 


BIGGER ON THE INSIDE. Something is weird at Mercury. In a conference paper presented in June, 
researchers showed that the materials on the surface of the planet (as observed by MESSENGER) formed 
under deeper pressure than would happen at the surface of the planet. And its solid inner core is much 
thicker than that on Earth. So what happened? Some researchers think that Mercury was once a much larger 
planet. Many solar systems we've observed have planets much closer to their stars than Mercury. Kathryn 
Volk, a postdoc at the University of British Columbia, believes some of these planets may have destabilized in 
‘our own solar system and smashed into each other. Mercury was the sole survivor, though much of its origi- 
nal crust and mantle were destroyed. It returned to a circular shape, albeit with an unusual orbit. It may have 
even once been bigger than Earth. But now, it’s smaller than two solar system moons, Ganymede and Titan. 


ONE LARGE MAP. 


ht centers of 


ALMA spies snowline 
around young star 


FLASH FRIED. The ALMA radio observatory spied 
a surprising feature in the dusty disk around young 
star V833 Orionis. The discovery was published July 14 
2016, in Nature. ALMA imaged the snowline of the star, 
the distance from a star cool enough for water ice to 
form. For a normal star the size and age of VB33 Orionis 
(about a third bigger than the Suny, the snowline 
would lie about three times Earth’ distance from the 
Sun. But according to the researchers, the star recently 
brightened to about 400 times the Sun’s luminosity, 
sizzling the inner disk and pushing the snowline out 

to 40 times Earth’s orbital distance. This increased 
distance enabled ALMA to pick the ring out from the 
central star's bright glare. — Korey Haynes 


(es 
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HALLEY’S COMET CALMS DOWN 
Comet 1P/Halley visits every 75 years or so, but its exact 
time of arrival i difficult to pin down because it follows a 
chaotic orbit, buffeted about by the planets and other 
solar system bodies. However, researchers from Leiden 
University now say Halley's Comet is stable for at least 
300 years, and influenced — at least for now — mostly by 
diminutive Venus. They published their findings June 30 
in Monthly Notices of the Royal Astronomical Society 
. 


BLACK HOLES CAN RUN IDE 
Occasionally when two supermassive black holes collide, 
the jolt may be strong enough to kick the resulting merger 
‘out ofthe host galaxy and into empty space at 3107 miles 
per second (5,000 km/s). Normally, this solo black hole 
would be invisible, but gravitational waves could provide 
astronomers a glimpse. According to research published 
June 29 in Physical Review Letters, the upcoming space- 
based eliSA project willbe able to detect nat only the 
gravitational waves of such merging black holes, but also 
their Doppler shift — the change in the waves’ frequency 
if they are kicked toward or away from Earth 
° 
JET GIVES BLACK HOLE CLUES 
Astronamers found ajet of material 500 light-years long 
streaming out of galaxy NGC 1377, Such jets are com- 
‘mon, and they point to an active and messlly feeding 
black hole at a galaxy's center. But most ets are hot 
beams of plasma, whereas NGC 1377's is made of cool 
‘98. This tells astronomers that the black hole has alot 
of cold material to devour, allowing it to grow quickly. 
The research appears in the June 2016 issue of 
Astronomy and Astrophysics. —K. H. 
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ASTRONEWS 


The future of 
Mars missions 


NASA is on the hunt for its next flag- 
ship Mars orbiter. Since 2006, the Mars 
Reconnaissance Orbiter (MRO) has 
relayed information from the rovers 
on the surface back to Earth. It's also 
imaged the Red Planet's surface to a 
better resolution than Google Maps 
attains on Earth, studied terrain to 
determine landing sites for future 
missions, found a lost lander, studied 
Mars’ chemical composition, measured 
its gravity, and imaged its ice caps, 
among many other tasks. The rovers 
get much of the glory for exploring 
the Red Planet up close, but MRO is 
the keystone holding the Mars pro- 
gram together, And while stil healthy, 
itis also a decidedly aging craft. 

‘The next major member of the 
Mars exploration family will be the 
Mars 2020 rover, set to arrive at the 
Red Planet in 2021. Given MRO's age 
and the ever-improving technology 
on Earth, NASA is understandably 
shopping for an upgraded orbiter to 
accompany the new rover. 

On July 18, NASA charged five aero- 
space companies to begin concept 
designs for MRO's replacement: 

The Boeing Co,, Lockheed Martin 
Space Systems, Northrop Grumman 
‘Aerospace Systems, Orbital ATK, and 
Space Systems/Loral. These companies 
have an idea of what NASA is looking 


STILL NO DARK MATTER. The Large Underground Xenon ( 
end of its two-year science run, narro 


for; in December 2015, a NASA study 
group released a document outlining 
the agency's needs based on future 
science goals and missions. 

The upcoming orbiter, which ideally 
would launch in 2022, will need to fill 
all of MRO's jobs and then some. It will 
relay and send back more data, take 
better images, and — the stretch goal 
—help send tangible martian samples 
back to Earth. Essentially, a rover would 
take soil samples from the martian 
surface. In turn, the orbiter would be 
tasked with rendezvousing with the 
sample and storing it aboard. From. 
there, it would either stay on board the 
craft for future Mars explorers to 


ing the possibil 


MANY HATS. The Mars Reconnaissance Orbiter, which has been In service since 2006, has 
many tasks to perform as it circles the Red Planet. Its 2022 replacement will only be busier. 


ies for 


retrieve, or be brought back to Earth at 
the completion of the orbiter’s mission. 

All of these plans require power, 
so NASA wants its next orbiter to use 
solar electric propulsion, which col- 
lects solar energy to power onboard 
ion thrusters. Freed from needing to 
pack chemical fuel for its mission life- 
time, this orbiter could maneuver 
more freely, carry more instruments, 
and have power to spare for both, 

The companies tasked with mis- 
sion concepts have four months to 
conduct their studies. At the end, 
NASA will see if the leads in aero- 
space can turn its lofty orbiter 
dreams into reality. — KH. 


rch came up empt} 
hat a dark matter particle could be. 


Black hole idea gains strength 


DARK WEB. Researchers used simulations to compare their idea of 
{gas collapsing along dark matter filaments with observed galaxy 
CCR7, and they found a good match, swonsseninaceuraust 


Astronomers are converging on a model to explain 
how the universe's earliest supermassive black holes 
came to be. 

Usually, black holes are born in the explosive death 
of a massive star, and then take billions of years to gain 
enough mass to pass into the supermassive realm. So 
how do these leviathans emerge in the universe's first, 
billion years, as astronomers keep observing? 
Researchers have theorized that these monsters come 
alive when clouds of hot gas collapse directly into 
black holes millions of times the mass of our Sun, cut- 
ting eons out of the process. 

In June, NASA announced the discovery of two real- 
world candidates for these “direct collapse” black 
holes, using data from the Chandra X-ray Observatory. 
Now, an independent team of researchers has found 
another candidate in faraway, energetic galaxy CR7. 
They published their research July 6 in Monthly Notices 
of the Royal Astronomical Society. 

R7 shines from the first billion years after the Big 
Bang, when stars were massive and extra-hot. The 
research team tested whether CR7’s extreme heat could 
be due to a cluster of these young stars, but their mod- 
els strongly pointed to a supermassive black hole, in line 
with the direct collapse model. Researchers still have 
only a few pieces of the puzzle, and getting detailed 
observations of more of these early monster black holes 
will start to show them the bigger picture. — K.H. 


QUICK TAKES 


NEW DWARF PLANET 
2015 RR,,, orbits beyond 
Neptune and, at 435 miles 
(700km) wide, isthe solar 
system's most recently 
discovered dwarf planet, 

. 

STELLAR COLLISION 
Asuite of telescopes studied 
the gamma-ray burst 1409034 
and concluded that it most 
likely resulted from two 
merging neutron stars or a 
neutron star and a black hole. 
. 

NEW K2 PLANETS 
2, the evolution of NASA's 
Kepler mission, confirmed 
104 new exoplanets out of 
197 candidates. Four of these 
planets orbit the same star, 
and they could be rocky. 

. 

LUNAR SMASH 
New research suggests 
the Moon's Imbrium Basin 
‘might have formed when a 
protoplanet smashed into 
Earth’s companion. 

. 

PACKED TIGHTLY 
The Kepler-80 system hosts 
five planets, all wth orbital 
periods less than nine 
days, in a complex series of 
resonances. They all return to 
the same orbital configuration 
every 27 days. 

. 

STELLAR BULLY 
The AR Scorpii system 
contains a white dwarf star 
whose powerful magnetic 
field beams a lash of charged 
particles at its red dwarf 
companion every 
two minutes. 

° 
FAREWELL, PHILAE 
On July 27, the European 
Space Agency shut down the 
communications feed 
between the Rosetta orbiter 
and the Philae lander. Philae 
had been sient since 
July 2015. 

. 

ROCKY SIBLINGS 
Astronomers watched two 
planets in the TRAPPIST-1 
system passin front of and 
block light from their 
central star. They concluded 
that both are rocky, with 
compact atmospheres lke 
Venus, Earth, or Mars, 

. 

KEEPING ON 
NASA approved New Horizons 
to explore far-out world MU,, 
and recommended the Dawn 
‘mission continue exploring 
Ceres. KH. 
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Juno is the fastest spacecraft to enter orbit around 
another planet. Butis it really the fastest space- 
craft ever, as has been suggested? When it comes 
to velocity, it depends on how you measure it. 

To leave Earth, a spaceship needs to achieve 
escape velocity via powerful rockets. After its 
launch, Juno gained velocity by dipping back 
into Earth’s gravitational well, boosting its 
speed by 16,330 mph (7,300 m/s). 

Jupiter's gravity pulled Juno to a peak veloc- 
ity of 130,000 mph (57,900 m/s) as it began 
entering orbit. This made Juno the fastest object 
ever to enter orbit around another planet, rela- 
tive to Earth, 

That last phrase is important. The entire uni 
verse is moving relative to something, so what 
are we using as the fixed point to measure the 
spacecraft's motion? Velocity needs to be rela- 
tive to something. On Earth, that's easy: 
Measure relative to the starting point. But as 
astrophysicist Jonathan McDowell explains, 
“Everyday concepts don't have a meaning when 
you change context.” 

For objects inside Earth's gravitational influ- 
ence, it makes sense to use our home planet as 
reference by treating it as a fixed point in space. 
But for anything that breaks free and travels 
beyond the Lagrangian points — points of grav- 
itational equilibrium between Earth and the 
Sun —it stops making sense to reference an 
object that is itself whirling around the Sun at 


THE SKY BENEATH MARS 


POLE STAR. If you stood on the south pole 
of Mars at night and looked straight over- 
head, you would see these stars. The 
Red Planet's axis points toward a rich 
region of the Milky Way in southern 
Vela, just under 5° from magnitude 
1.9 Delta (6) Velorum and half that 
distance from magnitude 2.5 
Kappa (x) Vel. The sky's second- 
brightest star, magnitude -0.7 
Canopus, lies some 25° away. 


fide circle on the sky 
that repeats every 171,000 
Earth years. Earth's 
similar precession cycle 
lasts only 26,000 years. 
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Juno may not be the fastest spacecraft after all 


ZOOMING 
IN. An artist's 
conception shows 
Juno burning its 
engines during its 
orbital insertion 
around Jupiter. 
NASA stated the 
craft was the fastest 
ever, but the claim 
doesn'thold up 
under scrutiny. 


67,100 mph (30,000 m/s). Instead, spacecraft 
velocity is measured relative to the Sun. 

That distinction is important. While Juno is 
fast, that’s mere plodding compared with Helios 
1 and 2, a pair of solar probes launched in the 
1970s and '80s. While it was still functional, 
Helios 1 set a speed record of 147,600 mph 
(66,000 m/s) measured relative to the Sun, or a 
scorching 215,200 mph (96,200 m/s) relative to 
Earth during just the right point of its orbit. 

Juno will increase velocity during its second 
orbit around Jupiter, hitting an estimated 
167,770 mph (75,000 m/s) relative to Earth. 

Even then, Helios 2 (57,614 mph [92,720 m/s), 
MESSENGER (46,600 mph [91,090 m/s}), and pos- 
sibly Mariner 10 (estimated 49,610 mph (80,000 
m/s}) all will have been faster. 

Inner solar system objects move faster than 
those in the outer solar system because any- 
thing in solar orbit is falling around the Sun. 

“The closer you are to the Sun, the stronger 
its gravity is and the more it pulls you, so the 
faster you fall,” McDowell says. "So the orbital 
speeds get bigger deeper into the gravity well.” 

OF course, an upcoming mission will beat all 
of these. Solar Probe Plus is scheduled to launch 
in July 2018, daring to skim near the Sun at a 
velocity of over 450,000 mph (200,000 m/s) rela- 
tive to the Sun. At that point, any potential 
record holders won't hold a candle to it 
— Mika McKinnon for Astronomy magazine 
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GIANT WORLD. The line between planet 
and brown dwarf has always been murky, and 
WISE 0855 muddies the line further with its 
striking impression of Jupiter's atmosphere. 


Coldest 
brown dwarf 
mimics Jupiter 


WISE 0855 is the coldest brown dwarf 
known, shining feebly just 7 light-years 
away and straddling the line between 
planet and failed star at only five times the 
mass of Jupiter. As researchers continue 

to find jovian parallels, they have now dis- 
covered that WISE 0855 very likely contains 
clouds of water or water ice, making the 
world more similar to Jupiter than many 
Jupiter-sized exoplanets. 

Astronomers identified the dim world in 
2014, and they found hints of water at the 
time — but only hints. Last winter, a team 
led by researchers at the University of 
California, Santa Cruz, spent 13 nights on 
Gemini-North, one of the most powerful 
telescopes in the world, to tease out 
WISE 0855's secrets. They published their 
findings August 1 in The Astrophysical 
Journal Letters. 

“| think everyone on the research team 
really believed that we were dreaming to 
think we could obtain a spectrum of this 
brown dwarf because its thermal glow is so 
feeble,” said Andrew Skemer, lead author 
on the study. But the data, checked against 
models, reveal striking details of what 
makes up the atmosphere and how it 
moves around. 

The particular signatures of water they 
found indicate an atmosphere very like that 
of our solar system's largest world, though 
it appears to lack some of Jupiter's turbu- 
lence. This cloudy world could be Jupiter's 
bigger, calmer, cooler cousin. —K.H. 
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Ceres and the large missing craters 


SMALL CRATERS. The top image shows the size and distribution 


of craters expected on Ceres, while the bottom image shows the 
craters that were actually found on the dwarf planet. su 


Ceres, the largest object in the asteroid belt, does 
not possess large impact craters, according to 
research published in Nature Communications 

on July 26. A team from the Southwest Research 
Institute (SwRI) found that Ceres lacks the size and 
distribution of large craters that scientists were 
expecting to see on its surface 

Collision models predicted that Ceres should 
have accumulated anywhere from 10 to 15 craters 
about 250 miles (400 kilometers) wide, and at least 
40 craters around 162 miles (100km) wide. Using 
NASA's Dawn spacecraft, the team found evidence 
of only 16 craters wider than 100km and none 
larger than 175 miles (280km) wide. 

“The smaller asteroid, Vesta (the Dawn mission's 
first target), has two craters greater than 400km,” 
says Simone Marchi, a senior researcher at SwRI 
with an interest in asteroids and terrestrial planets. 
“Extrapolating from this, Ceres should have at least 
six or seven, or more likely greater than 10 craters 
larger than 400km. Instead, it has none.” 

Researchers think the craters could have been 
erased slowly over the years as a deep subsurface 
ice-tich layer of material provoked the crater rims to 
relax, rendering the craters invisible. An icy liquid 
called cryolava may have also filled in smaller cra- 
ters but have been unable to replenish material in 
larger ones on the surface. —J.R. 


Ancient cosmic 
radiation 
affected 
Earth’s biology 


Gusts of cosmic radiation emanating 
from ancient supernovae blasts may 
have had a profound effect on the 
biology of our planet in the past. 

Researchers from the University 
of Kansas built computer models, 
based on research published in April 
in Nature, of two supernovae that 
exploded only 300 light-years from 
Earth. According to their study pub- 
lished July 12 in The Astrophysical 
Journal Letters, the cosmic radiation 
had an extreme effect on the crea- 
tures on Earth at the time, as well as 
onthe planet's atmosphere. 

One supernova happened 
between 1.7 million and 3.2 million 
years ago, and the other between 
65 million and 87 million years ago, 
possibly glowing brightly enough to 
disrupt animals’ sleeping patterns 
for weeks. This wasn't the problem, 
though. Animals living on land or in 
shallow oceans would have been 
exposed to radiation equivalent to 


Physics and Astronomy at KU. “It 


KABOOM. This artist's impression shows a star, 1993), that detonated in a binary 
star system in a nearby galaxy. A supernova event millions of years ago shows up in 
the fossil record on Earth, shh a aacon st 


profound, especially in the geologi- 


rs Curiosity rover got a software upgrade that increased the autonomy of the rover. 
\ce system, the bot can choose rocky targets to study on its own. 


PRIMORDIAL COLLISION. 
An artist's interpretation of the 
collision between Mars and a 

primordial object, which could 
have created Phobos and Deimos, 


as well as the Borealis basin 


The remains 
of a martian 
collision 


Two new studies suggest that 
Mars’ moons, Phobos and 
Deimos, are not captured aster- 
ids, but rather may have been 
created from a giant collision. 

Researchers from the 
National Center for Scientific 
Research (CNRS) and Aix- 
Marseille Université have deter- 
mined that the only scenario 
consistent with the moons’ sur- 
face properties is that of a huge 
collision, while Belgian, French, 
and Japanese researchers in 
the second study used digital 
simulations to show this colli- 
sion. The two studies were 
published July 4 in Nature. 

In the digital simulations, a 
large object about 10 times 
the size of Phobos was created 
by the inner part of the debris 
disk, which then acted asa 
gravitational catalyst for the 
outer disk to form into much 
smaller objects. After a few 
thousand years, 10 smaller 
moons and one bigger moon 
surrounded Mars, and eventu- 
ally all but two small moons 
crashed back onto the planet. 
These two remaining moons 
are Phobos and Deimos. 

The asteroid idea was ruled 
out solely on the composi- 
tional diversity of the asteroid 
belt. Phobos and Deimos 
could only have been created 
in the outer gaseous section of 
the debris disk from the fine- 
grained dust. 

Japan's space agency will 
launch a mission in 2022 


having a CT scan annually. 

“Our estimate would be a small 
increase in cancer rates and muta- 
tion rates,” says Adrian Melott, a 
professor in the Department of 


would probably affect large 
animals, and it would be more 
noticeable." 


cal and biological data. This 
research shows that cosmic rays can 
ionize the lower level of the atmo- 
The climate-change implications sphere, the troposphere, by eight bring back samples from 
of this increase in cosmic rays is times more than normal, —J.R. Phobos in 2027. —J.R. 
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DOUBLE BLAST. Brilliant source DES14X3ta: 
than traditional supernovae. It also exploded twice, possibly giving 


is a superluminous supernova, peal 
rth toa rapidly s 


brighter and fading more slow! 
inning magnetar. 


From asterisms to Thome-Zytkow objects, we turn gibberish into English. 


lee 

A form of ice created at high pressure. 

A lack of ice II contraction below Pluto's 
surface has led some astronomers to sus- 
pect there could still be a liquid ocean 
below the ice shell. 


Metallic hydrogen 

‘The state in which, under intense pres- 
sures, hydrogen becomes electrically con- 
ductive while behaving more like a liquid. 
Its possible existence inside Jupiter is one 
of many jovian secrets the Juno spacecraft 
is exploring, 


Radionuclide 

An unstable radioactive atom, such as 
those produced in a supernova. Recently, 
a number of iron-60 radionuclides from a 
supernova were hypothesized to have 
affected life on Earth millions of years ago. 


Snow line 

In planet-forming nebulae, the distance from 
a star at which certain compounds condense 
into solid ices. A water snow line was 
recently discovered around the distant star 
1833, — John Wenz, jargon@astronomy.com 


‘SO METAL. Metalic hydrogen, a form of “degenerate matter” 
that forms under intense pressures such as those present in 
Jupiter or Saturn, appears in gray in ths picture. sue snus 


Three's company 


® HO 131399 


HD 131399Ab 


) 
HD 131399C 


FAMILY PORTRAIT. This photo shows the 
HD 131399 system, including a directly imaged 
exoplanet,a rare find in astronomy. 


HD 131399Ab is an unusual planet indeed. As 
reported July 7 in Science, the young gas giant is 
only 16 million years old and still glows from for- 
mation, butiit is more than 80 astronomical units 
(AU) distant from its home star — that's twice as 
faras Pluto's average distance from the Sun. (An 
AU is the average distance from Earth to the Sun.) 
Go out to 300 or 400 AU, though, and the planet 
has some company: two smaller stars in orbit 
around each other, both of which orbit the primary 
star HD 131399A. This places it much closer to the 
binary stars than any triple-star planetary system 
yet seen. While the researchers believe the planet 
formed around the primary star and migrated out, 
there's a small chance it began life around the 
fainter, less-massive companion stars. —J.W. 
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FORYOURCONSIDERATION 


BY JEFF HESTER 


The quandary 


of predictability 


Chaos, climate, and an unpredictable future, 


n the 1950s, atmospheric 

scientist Ed Lorenz was 

using the rapidly growing 

power of digital comput- 

ers to try to forecast the 
weather. What he discovered 
was that if he changed the 
way he set up a model by even 
the tiniest amount, the model 
would diverge exponentially 
until it bore no resemblance to. 
the previous result, 

Lorenz named this phenom- 
enon “chaos.” But after his 
1972 paper, “Predictability: 
Does the flap of a butterfly’s 
wings in Brazil set off a tor- 
nado in Texas?”, chaos got a 
new name. The “butterfly 
effect” was born. 

‘The thing about chaos is 
that we just have to live with it. 
Don't get annoyed at meteo- 
rologists when your weekend 
plans are ruined by unexpected 
rain, It's not their fault, They 
have sound theories, good data, 
and some of the best computers 
on the planet. But weather is 
chaotic, which means that even 
if they do everything right, 
there's a good chance that 
‘Thursday's prediction will get 
Saturday wrong. 

‘As goes weather, so goes 
climate, It hardly seems like a 
big deal if the ocean is a tiny 
bit warmer along a narrow 
strip of the eastern equatorial 
Pacific. But Earth’s climate is 
chaotic, and the planet notices 


this El Nifio warming. That 
strip of warmer water strength- 
ens atmospheric convection. 
Wind patterns change. Shifting 
global circulation interacts 
with continents, mountain 


INSIDERATION 


ranges, and ocean currents in 
new ways. Weather patterns 
shift radically across the globe. 

Before you know it, droughts, 
floods, and consecutive hottest 
years on record cause crop fail- 
ures the world over. The eco- 
nomic impacts reach many 
billions of dollars. The human 
impacts are worse, as disease 
spreads and tens of millions of 
people face food and water 
shortages. Political unrest top- 
ples nations, Can we truly 
point to a patch of warm water 
as the cause? Can we prove that 
it’s not? 

An El Nifo like that of 2015 
and 2016 is a really cool exam- 
ple of chaos! 

Well, OK. Maybe it’s not so 
cool if you care about things like 
how civilization is getting along 
or how many people are going 
to starve this year. But the fact 
that you can change things by a 
tiny amount and create such 
havoc is undeniably fascinating, 

One thing about El Nino is 
that you really can't plan for it, 
even if you know that it’s com- 
ing. If that patch of warm 
water shows up a few kilome- 
ters this way or that, or appears 
in July instead of June, every- 
thing changes 

From Jupiter's Great Red 
Spot to the ebb and flow of 
rush-hour traffic, chaos is 
everywhere, That poses a real 
challenge for science. The 
foundation of scientific knowl- 
edge is testing the falsifiable 
predictions of theories. But 
what do you do when a correct 
theory, correctly applied, still 
makes incorrect predictions? 


AT www.Astronomy.com/Hester. 


The devastating Fort McMurray wildfire in Canada, which raged throughout early 


Again, weather and climate 
are good examples. As Earth 
follows its orbit around the Sun 
and the seasons change, Earth’s 
climate responds to the chang- 
ing thermal balance. As Earth 
approaches the summer solstice, 
it is hotter in the Northern 
Hemisphere and cooler in the 
South. Jet streams shift. 
‘Monsoons come to India 
Higher ocean temperatures in 
the subtropical North Atlantic 
fuel tropical storms 

‘Those are testable predic- 
tions of climate models. 

What you can't do is reliably 
predict when storms will occur 
or exactly how much rain will 
fall. Models might predict July 
temperatures, but if heat wave 
fails to materialize, that doesn’t 
‘mean that the models are wrong. 

As science concerns itself 
more and more with the study of 
complex processes, the difference 
between predictions and falsifi- 
able predictions will become 
more and more important. 

When it comes to climate 
chaos, the object lesson from 
EI Nino is simple. Sometimes 
you don’t have to tickle the 
Earth system much for all man- 
ner of change to break loose. 

Which brings us to climate 
change. What can we say about 


summer across 1.5 million acres, was attributed to warmer temperatures and drier 
‘weather from the El Nino cycle, with climate change possibly a contributing factor. 


climate change, and what is 
unpredictable, even in prin- 
ciple? As I've written before, 
the physics of global warming 
is dead simple. More carbon 
dioxide in the atmosphere 
changes Earth’s thermal bal- 
ance. From decade to decade, 
the temperatures of the ocean 
and atmosphere are climbing. 
‘There is more water vapor in 
the air to power extreme 
weather. As ice cover decreases, 
the dark exposed waters of the 
Arctic Ocean absorb more heat 
from the Sun, changing 
weather patterns in the North 

‘Those are all testable pre- 
dictions that climate models 
get right, But as for the chaos 
that follows, that is impossible 
to predict, or to plan for. If 
increasing the temperature of a 
small part of the Pacific by a 
couple of degrees can create 
global havoc, what might hap- 
pen if we change the tempera- 
ture of the whole planet by that 
much or more? 

All that we can say for certain 
is that change is coming, and 
we'd better hold onto our hats! 


Jeff Hester isa keynote speaker, 
‘coach, and astrophysicist. 
Follow his thoughts at 
jeff-hester.com. 


NOT QUITE THE CHARM. Before deciding to keep the probe at 
Ceres, NASA contemplated sending Dawn to a third asteroid, Adeona. 


ASTRONEWS 
Martian gullies not carved by water 


NO WATER, NO PROBLEM. Using data from NASA's Mars Reconnaissance Orbiter (MRO), researchers found 
that martian gullies, a geological feature with a channel leading to deposited material on the bottom of a slope, 
‘were likely not formed by flowing liquid water lke those on Earth. The data showed no evidence of liquid water 
or its byproducts, revealing that other mechanisms were at work to create these gullies. Researchers now believe 


that the freeze and thaw of carbon dioxide frost could be the major drivers of the gully formation. —J. 


Hitomi had a message 
for us before its death 


Japan's Hitomi space telescope was ready to 
burn bright. Instead, the X-ray observatory 
became the second such satellite from the 
Japanese Aerospace Exploration Agency (AXA) 
to meet an untimely end. 

Not all hope is lost, though. Hitomi returned 
asliver of data, and researchers are finding a 
small cache of treasure in it. 

The telescope, which was launched on, 
February 17, had begun observing the Perseus 
cluster, a megastructure grouping of galaxies. 
Previous X-ray telescopes, like NASA’s Chandra, 
have peered at Perseus, but Hitomi looked in 
fine wavelength spectroscopy. The process, 
which hadn't been used before, involved 
sussing the smallest possible details out of light 
spectra in X-ray. 

In the short time it was online, Hitomi was 
able to spot hot gases churning around the core 
of a supermassive black hole at the center of 
NGC 1275, a galaxy near the center of the 
agglomeration of thousands of galaxies. JAXA 
scientists determined the speed and turbulence 
of the hot gas, providing insight as to what's 
happening at the center. The overall velocity of 
these gases is lower than expected. But the 
data-collecting honeymoon was short-lived. 

This past March, Hitomi spun out of control, 
breaking into several fragments. Contact was 
lost completely on March 26. Ground controllers 


E (observed), keV 


LAST WHISPERS. An image of the Perseus Cluster 
from the Chandra X-ray Observatory is overlaid with the 
limmers of data Hitomi took before its untimely demise. 


determined the initial cause to be a software 
error that gave a velocity reading where there 
was none, and attempts to compensate for this 
attitude problem resulted in uncontrolled spin 
and total mission failure. 

Now, JAXA plans to create a Hitomi 2.0, 
which will expand on the capabilities that the 
first barely began to use. —J.W. 


CHOOSE THE RIGHT CAMERA TO SHOOT THE SKY 


BIGGER IS BETTER. Chip size makes all the differ 
‘ence when it comes to choosing which camera to use 
for sky photography — especially when you're talking 
about the August 27, 2017 total solar eclipse. Here's 
‘why: This graphic shows the exact ratios of chip sizes in 
various cameras. The blue rectangle represents afull- 
frame DSLR chip. The green shows the APS-C sensor. 
The yellow is the average size of the sensor in a point- 
and-shoot camera, and the black rectangle shows the 
size of a cellphone chip. nousranncx 


‘The word camera comes from 
the Latin camera obscura, 


which means “dark chamber.” 
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SECRETSKY 


BY STEPHEN JAMES O'MEARA 


True blue Moons 


They're not as rare as you've been led to believe. 


fhe other night, I saw 
a blue Moon shining 
through cirrocumu- 
lus clouds and felt 
a surge of delight. 
Blue Moons aren't just calendric 
events but true-blue atmospher- 
ic phenomena — requiring only 
a small dose of curiosity and a 
tilt of the head to see, given the 
right conditions, There are sev- 
eral ways to see blue Moons, I'll 
start with the most common. 


The aureole effect 
‘The coming of winter in the 
Northern Hemisphere brings 
lots of high cloud formations, 
which can produce blue Moons. 
And now is as good a time 

as any to start looking, For 
instance, on the particular night 
above, tiny water droplets in a 
cloud diffracted bright moon- 
light to form a lunar aureole (see 


the photograph to the right). The 
smaller the droplet, the larger 
the aureole, and this one was 
quite large, on the order of 8°. 
Related to coronae formed by 
our atmosphere, the aureole 
appears as a dusky orange ring 
with a small blue (sometimes 
green) core surrounding the 
‘Moon, Usually you will see the 
‘Moon shining white through 
the cloud. But if you're patient 
or lucky, “once in a blue Moon” 
you may catch glimpses of it 
appearing pale blue or aqua. 
‘The effect is quite delicate 
and may take an experienced 
eye, which is why you should 
continually observe and record 
what you see. The late Dutch 
astronomer Marcel Minnaert, 
author of the wonderful book 
The Nature of Light and Colour 
in the Open Air (Dover, 1954), 
warned that the effect may last, 
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Great lady 


It was good to read the tribute to astronomer Vera Rubin in the 
June 2016 issue. One of the few regrets of my life is that I have 
never met this truly great lady. 

‘The nearest I came to actually meeting her was some years 
ago, when I wrote to the editors of the journal Science in refer- 
ence to an article written by Rubin, about the role of women in 
astronomy. At the time, she was one of the directors of the 
American Association for the Advancement of Science, To my 
surprise and delight, shortly after I wrote that letter, I received a 
personal reply from her, in which she shared some thoughts on 
the subject of her article. I was completely overwhelmed by the 
fact that this great lady took the time and trouble to write to me. 

For her contributions to astronomy and for her dedication to 
the cause of women in science, Vera Rubin is, in my mind, one 
of the great heroines of astronomy. It is not too late for the 
Nobel Prize to be awarded to this great lady. I sincerely hope 
that she will be granted that well-deserved honor. But even if 
she is not awarded the prize, her name will be emblazoned in 
the minds and hearts of admiring astronomers. 

—Herman Naci Gulgong, New South Wales, Australia 


High clouds can cause a blue aureole 
to appear close to the Moon. 


buta fraction of a second. 
Under just-right conditions, 
however, it can last longer. 


Altostratus clouds 
A more obvious blue Moon 
occurs when a Full Moon 
shines through altostratus 
clouds. As it does, it forms a 
dense aureole that transforms 
the Moon’s face into a dim and 
fuzzy blue light. You may have 
to monitor the situation peri- 
odically to see the blue Moon 
effect because the clouds are 
constantly changing, bring- 
ing regions of different optical 
thickness and particle size into 
view. I've noticed that the blue 
‘Moon lingers most when the 
Moon is near the horizon. 

In Color and Light in Nature 
(Cambridge University Press, 
1995), authors David K. Lynch 
and William Livingston note 
that the reason for these types 
of blue Moons involves a “no 
man’s land where the wave- 
length of light is comparable to 
the particle size (0.1 to 10 
micrometers).” Under these 
conditions, the scattered par- 
ticles transmit some colors and 
scatter others. 


Contrast and 
afterimage 

One of the most dynamic blue 
Moons occurs when intense 
orange cirrus clouds surround 
it. The effect is at first a result 


The Moon may look blue due to a contrast effect with clouds of a complimentary color. 


of simultaneous contrast, when 
a small area of color (a white 
Moon) takes on the compli- 
mentary hue of the surround- 
ing color (the orange clouds). 

If you stare at this optical 
illusion for a while, another one 
will enhance it: an afterimage. 
Prolonged staring at an intense 
orange cloudscape will exhaust, 
the ability of the eye’s red-sensi- 
tive cone cells (and many of the 
green ones) to fire messages to 
the brain. So when you look at 
the Moon, it’s mainly the eye's 
blue cells that continue to fire, 
causing the brain to see it as blue, 


Volcanoes 

When large volcanic erup- 

tions eject prodigious amounts 
of sulfur dioxide into Earth’s 
stratosphere, the gas can cling to 
particles and form aerosols wider 
than the wavelength of red light 
(about 1 to 2 microns), which 
wind currents can transport 
around the globe. When seen 
through this aerosol haze, the 
Moon may appear blue because 
the particles deflect red light 
away from the Moon's position 
at angles greater than they move 
blue light, creating a special kind 
of aureole called a Bishop's ring. 
And while lunar aureoles are 
generally a few degrees across, 
Bishop's rings measure between 
20° and 60° across. 

Volcanic aerosol clouds can 
also create prolonged and col- 
orful twilights (lavender to 
red), which can produce simul- 
taneous contrast blue Moons as 
well, For example, the longer 
you stare at the red of the sky in 
the photo at the top of the page, 
the bluer the Moon appears. 

As always, send your color- 
ful comments to sjomeara31@ 
gmail.com. 
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e hope someday to hurl ourselves 
to the far reaches of space. Until 
we do, many of us regard the uni- 
verse as “out there” — as a distant, 
separate entity from Earth. Indeed, 
not many years ago, Earth was seen as unique 
and distinct from all alien realms, We have life, 
liquid water, the proteins that make up cells, and 
lots of free oxygen, while no other place in the 
known cosmos seemed to have any of these. It 
very much jibed with the traditional view that we 
were created as a “world apart.” 

Finding liquid water on several moons and 
amino acids in nebulae and comets struck a big 
blow to the “Island Earth” mindset. But those 
were merely first steps in our revised thinking. 
The inter-relatedness of our world to the larger 
universe truly becomes clear when we ponder an 
amazing reality: Pieces of the cosmos continu- 
ously zoom through our bodies. This means the 
universe is already right here. It’ flying through 
our very brains at this moment. 

It would be crazy to ignore these nonstop 
physical fragments that started out on distant 
celestial bodies. It’s a story that starts with the 
amazing account of how we learned about them 


Discharge 


Primary pat 
(iron nucleus) 


First interaction 


A 29-year-old physicist named Victor Hess dis- 
covered cosmic rays. A bit of a prodigy, he gradu- 
ated with a Ph.D. from the University of Graz 

in 1910, at the age of 23. He was determined to 
study under Paul Drude, who gave the speed of 
light as c, until Drude’s suicide, at which point 


they're nota single 
stituent parts as the} 
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Hess instead accepted a teaching position at the 
University of Vienna. The recent discovery of radium by the 
Curies had created a global sensation, and Hess began a seri- 
ous study of the hottest issue in physics: radiation. He was 
fascinated that charges were regularly detected inside elec- 
troscopes, even when no radioactive elements were nearby 
and no matter how well those containers were insulated. The 
accepted explanation at the time was that earthly minerals 
emitted periodic radiation that caused such readings. If this 
were so, the creation of electric charges should diminish if 
measurements are taken farther from the ground. 

A widely accepted scientific paper spelled it o 
an even distribution of radioactive rocks on Earth’ 
at an elevation of 10 meters (about 33 feet, or around three 
stories high) the measured radiation should fall to 83 percent 
of the ground value, Ata height of 1 kilometer (just under 
3,300 feet), only 0.1 percent of the initial value should remain. 

But a few scientists saw just the opposite. In 1910, 
‘Theodore Wulf took electroscope readings at the bottom 
and top of the Eiffel Tower. He found far more ionization at 


the top (984 feet, or 300 meters) than one would expect if 
this effect were solely attributable to ground radiation, 

Could a major source of this ionization be in the sky 
rather than the ground? Hess mounted his instruments in a 
hot-air balloon and made a series of ionization measure- 
ments in 10 ascents over three years, starting in 1911. He got 
the same results each time. Radiation activity first dimin- 
ished as his balloon ascended, but then started to rapidly 
rise. When he’d reach an altitude of 17,000 feet (just over 
3 miles, or 5km) the readings were always at least twice as 
great as at the surface. In a published scientific paper, Hess 
announced that “a radiation of very high penetrating power 
enters our atmosphere from above.” 

He needed to gather more information, and Hess was no 
coward. He conducted one perilous flight at night to elimi- 
nate the Sun as a cause of the radiation. Sure enough, his 
readings remained just as strong after nightfall. He also went 
up April 17, 1912, during a near-total solar eclipse, when 
most of the Sun’s energy was blocked by the Moon. The radi- 
ation flux again did not decrease. 


Bob Berman is Astronomy magazine's Strange Universe columnist. 
His latest book is Beyond Biocentrism: Rethinking Space, Time, 
Consciousness, and the Illusion of Death, co-authored with 
Robert Lanza, M.D. 
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Hess had no choice but to conclude in 1913 that the radia- 
tion must arrive not from the Sun, and not from earthly 
rocks, but from deep space. Over a decade later, Hess’ find- 
ings were confirmed by Robert Millikan, who dubbed the 
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What’s the difference? 


Gamma rays and cosmic rays are both associated with stellar 
events, but aside from the word “ray,” the two phenomena are 
radically different. Here’s a breakdown of what makes a gamma 
ray and what makes a cosmic ray, and their key differences. 


Originate from nuclear 
events, both terrestrial 
and abroad. * 


‘Nuclear power plant 


7% 
oo. SS 


Neutron stars 


Are often associated with neutron stars 
and black holes. 


Are made of photons. 


Tend to travel ina 
straight line. 


mysterious radi 
1936 Nobel Prize in physics for his work on cosmic radiation, 

Hess didn’t quit when he got the Nobel. After receiving 
threats from Nazis (his wife was Jewish), Hess immigrated 
into the United States, where he became a professor at 
Fordham University. He continued testing for radiation after 
the bombing of Hiroshima, and even conducted measure- 
ments from the 87th floor of the Empire State Building. He 
kept contributing to the field until his death in 1964. 


on “cosmic rays.” Hess went on to win the 


The east-wes 
Millikan had assumed Hess’ high-energy entities were a 
form of invisible light, probably gamma rays. But while the 
detections were real, Millikan’s explanation was shortly 
proven wrong. In 1927, investigators found that cosmic-ray 
intensity varied with one’s distance from the equator. This 
wouldn't make sense if the rays were a form of light. But it 
would be reasonable if they were deflected by our planet’s 
magnetic field. Thus, they must be some kind of charged 
particle and not any kind of photon or ray. 
Nonetheless, the term “ray” tenaciously 
remains in common use today. Then in 1930, an even 


tuck, and it 


Supernova 
Likely originate from supernovae. 


Before supernova 


After supernova 


We Electrons 


ron nucleus Sf 


Are made of particles 
of matter in which the 
electrons have been 


stripped away. Bidayseaa 


secondary atoms. 


Are hard to trace in 
specific origin because 
they can be “redirected” 
by other forces. 


weirder phenomenon emerged. Scientists started to see a 
difference in intensity between cosmic rays arriving in our 
atmosphere from an easterly direction and those streaming 
in from the west. This “east-west effect” indicated that not 
only do cosmic-ray particles carry a charge, but th 
have a positive charge. That means they are mostly protons, 
or hydrogen nuclei. 

By the end of World War II, researchers had more or less 
determined the true composition of cosmic rays. It wasn't 
pretty. Ninety percent are protons, the nuclei of hydrogen 
atoms. About 9 percent are alpha particles, hefty globs con- 
taining two protons and two neutrons, the nucleus of a 
helium atom. Rarer cosmic rays are the nuclei of yet heavier 
elements, making up about 1 percent of all cosmic rays. 
Their overall composition mirrors the makeup of the uni- 
verse! Apparently a fairly accurate sample of the cosmos 
steadily arrives at Earth equally from all directions, before 
our magnetic field starts channeling it. 

One percent are ordinary electrons, and this was extremely 
weird. It made no sense back then, and it remains just as 
bewildering today. Protons and electrons are both expelled by 
the Sun, and there are just as many electrons as protons in the 
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‘Asa cosmic ray moves through our atmosphere, more and 
more interactions occur, causing the atom at the heart of the 

ray to break down into smaller and smaller atoms. In the pro- 
cess, their energy is also slowed down, posing less and less of 
a danger on their path down. By the time most cosmic rays hit 
the ground, they are harmless to most humans and animal 


universe. So why are cosmic rays not composed of 50 percent 
electrons? What happened to virtually all of them? 

Moreover, the super-high energies of many of the cosmic 
rays could not have a solar origin. So right from the begin- 
ning, astrophysicists assumed that most come from far, far 
away in supernova blasts and other violent places, such as 
the explosive cores of some galaxies and the collapse of black 
holes. Still, a small percentage of cosmic rays have unbeliev- 
able energies that defy any explanation. 


Unreasonable energy 
‘A cosmic ray’s energy is measured in megaelectron volts 
(MeV) or gigaelectron volts (GeV) — millions or billions. 
(One electron volt is the energy acquired when an electron 
is accelerated through 1 volt of potential. This sounds like 
we're talking about electricity, but remember, electricity is 
simply the motion of electrons, so it actually makes sense.) 

Cosmic rays from the Sun are usually weaker except 
when a huge explosion, like a coronal mass ejection, throws 
major solar material our way. Still, galactic cosmic rays are 
generally more powerful than the solar brand, with energies 
between 100 MeV and 10 GeV. Since 90 percent of cosmic 
rays are protons, and all possess exactly the same mass (each 
weighing 1,836 electrons), why should any given proton 
have more energy than any other? 

It can only be explained one way: by zooming at a differ- 
ent speed. When we're talking cosmic-ray energy, we're 
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simply discussing speed. Ifa cosmic ray has an energy of 
100 MeV, it must be moving at exactly 43 percent of the 
speed of light, which is impressively fast. Yet many cosmic 
rays have energies of 10 GeV, and this corresponds to 99.6 
percent of the speed of light. 

It’s common sense that a faster-moving object can do 
more damage than a slow one. The highest-energy cosmic 
rays have the amazing power of 1,020 eV. Each delivers the 
same energy as getting hit by a well-flung fastball— but 
packed into the tiny impact zone of a single proton! Many of 
these are scattered by the upper atmosphere, but if one 
landed, what would that do to one of your DNA strands? 


Not served at health food stores 

If you were to itemize your annual exposure to natural 
radiation, half of it would come from the ground, A small 
percentage emanates from within our own bodies — from 
food, water, or other sources (such as potassium-40 in 
bananas). But about one-tenth of this ongoing radiation 
penetrates us from above, and consists of these cosmic rays. 
‘As Hess discovered, they’re more intense the higher up we 
go. So those who live at high altitudes, like Denver, get twice 
the cosmic radiation exposure of those below. 

It’s even worse for those who spend a lot of time above 
Mount Everest: You're exposed to extra radiation when you 
travel by plane. And what about career pilots and flight 
crew? Thanks to cosmic rays, they get twice as much radia- 
tion as the rest of us. It’s frequent flyer radiation. It trans- 
ates into a 1 percent higher cancer rate than the general 
population. 

It can get even worse. The heaviest cosmic ray intensity 
streams in from deep space in spurts. Much of this is usually 
deflected by a boundary at the edge of the solar system called 
the heliopause, a shock wave where the outrushing solar wind 
goes from supersonic to subsonic. But the Sun's power, which 
provides this barrier, varies with its 11-year solar cycle. Thus, 
the intensity of cosmic rays at Earth also varies, in anti- 
correlation with the sunspot number. 

When the Sun gets wimpy — which has generally been the 
case during our current extraordinary period of solar quiet 
that started around 2000 — this termination shock zone 
becomes weaker, and its protective barrier becomes much 
more porous. That’s why deep-space cosmic rays are currently 
streaming to Earth with a greater intensity than normal. 

During particularly powerful solar flares when the Sun 
itself cranks up its cosmic-ray flux, jetliners flying polar 
routes are bombarded with extra radiation. In such periods, 
you do not want to be an astronaut or a future martian colo- 
nist. During the half-year trip to Mars, you'd be particularly 
vulnerable. A severe cosmic-ray bombardment could pro- 
duce truly hazardous radiation levels in transit. 

When the 27 Apollo astronauts — in groups of three — 
sped outward from Earth between 1968 and 1972, they 
experienced something no human had ever been subjected 
to, before or since. They ventured beyond the magneto- 
sphere, Earth’s protective magnetic field. The results were 
unexpected and bizarre. Each astronaut saw flashes of light 
in their field of vision every 2.9 minutes. NASA physicians 
had an immediate theory that was later verified. Powerful 
cosmic rays were zooming through the liquid in the astro- 
nauts’ eyeballs. 


Reality vs. myth 


In comic books, cosmic rays 
are a source of mutation and 
transformation. Real life is, of 
course, a little murkier. On the 
ground, most cosmic rays have 
been slowed down and cause 
little harm, However, here are 
a few known effects, asrroxow: 


HEARTACHE 
‘An increase of heart disease was 
reported among Apollo astro- 
nauts who traveled out of the 
protective barrier of Earth. 


CANCER RISK 
A2015 study correlated cosmic 
tivity to increased cancer 

risk in utero, damaging the devel- 
oping fetus and giving predispo- 
sition to cancer later in life. 


DNA BREAKDOWN 

»smic rays can break down DNA 
in the body. Over the long term, 
in deep space, this could increase 
‘cancer risk in astronauts. 


Would cosmic rays be a stopper? 

By the late 1940s and early 1950s, cosmic rays were deemed 
a serious hazard to any living organism that ascended above 
our atmosphere — and might well be the absolute “stopper” 
when it came to human space flight. To find out, the U.S. 
Air Force — in a project using captured German V-2 rockets 
and led by Capt. David Simons working under Col. James 
Henry — first sent organisms like fruit flies and mice, and 
then primates, to the upper regions of the atmosphere. 

The first monkey flight was on June 11, 1948, and by 
1954, researchers had switched to high-altitude balloon test- 
ing. But still the hazard remained unknown. The animal of 
choice then became an odd kind of black mouse, because 
the radiation would destroy the pigmentation in individual 
fur follicles, immediately turning them white. 

By the following year, and now largely using Java mon- 
keys, Simons had completed dozens of test flights, and the 
animals were returning to Earth unharmed. It was only in 
that year, 1955, that cosmic rays were finally realized to be 
non-lethal for future astronauts, although a few studies 
since have found higher cancer risks among astronauts. 


Muons forever 

Cosmic rays start to seriously strike air molecules at a height 
of about 35 miles (56km). They break atoms apart like a stack 
of billiards, with the contents raining down toward the sur- 
face at nearly the speed of light. Among the detritus flying 
off are muons. These strange, transient particles are neither 
superheavy nor particularly lightweight. Rather, they have a 
mass equal to about 208 electrons. They also have a short life 
span, with a half-life of just two-millionths of a second. 


EYES 

Apollo astronauts 
reported seeing 
flashes of light 
with their eyes 
closed, which, 
corresponded to 
cosmic ray bom- 
bardment. Vision 
loss has also been 
reported among 


NEXT STEP 

Inthe short story 

The Man Who Evolved 
by Edmond Hamilton, 
‘cosmic ray expo- 


ZOMBIE HAND 

In The Crawling Hand, 
a B movie from 1958, 
cosmic rays possess 
anastronaut’s severed 
hand with an alien 
organism, wreaking 
havoc on a small town. 


FANTASTIC 

In Marvel Comics’ 
Fantastic Four, cosmic 
rays cause extreme 


bodily transformation, 
including turning one. 
character's skin into a 


But before they vanish, muons — often considered cos- 
mic rays themselves — can cause harm if they strike the 
wrong bit of genetic material in a cell nucleus. A study pub- 
lished in Nature in 2016 showed a correlation between can- 
cer rates and cosmic ray activity, and some 240 muons flash 
through your body every second. More hit you if you live in 
hazardous Denver, but none reaches you if you've chosen a 
home deep underground, or if you happen to spend most of 
your time in a subterranean parking garage. 

As for those ultra-high-energy cosmic rays, we still don't 
know how they get their crazy fast speeds; their origins remain 
a mystery. Recently, colliding galaxies like NGC 4038 and 
NGC 4039 (the Antennae Galaxy) have gained favor, but there 
are problems with this idea, too. Today, the leading candi- 
dates are active galactic nuclei, like the ones inside 10 percent 
of all galaxies, such as M82. It’s assumed their supermassive 
black holes play a pivotal role in slingshotting the rays to their 
fantastic speed and power. Recent measurements indicate a 
link between the direction of ultra-high-energy cosmic rays 
and the location of active galaxies, although these are so 
nearly ubiquitous, it’s hard to say for sure. 

One idea is that ultra-high-energy cosmic rays material- 
ize when theoretical dark matter particles hypothetically 
decay into high-speed proton pairs, one of which falls into a 
black hole while the other is shot across the cosmos. 

Well, maybe. Or perhaps this is merely a case of desper- 
ate, baffled astronomers using the bizarre as evidence for 
the exotic. 

While you sit around trying to decide, another few thou- 
sand cosmic rays will flash through your body. Unless you've 
decided to linger a bit longer in that parking garage. » 
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Next-door planets 


There’s no star closer to us than Proxima 
Centauri — and now we know it has an 
Earth-mass planet in its habitable zone. 


by John Wenz 


THE HUNT FOR EXOPLANETS HAS, { 
in some ways, been about the hunt for Hy 
an Earth-like planet — something warm} 
where water could exist. Headlines tout} 
each discovery as “the most Earth-like ; 
planet yet.” Many of those planets are far 
distant. 5 

A new discovery published August 24 in 
Nature hits closer to home, though, with an 
Earth-mass planet in the habitable zone of 
its star. What's more, that star is Proxima 
Centauri, only 4.24 light-years away. 

This is a landmark discovery: finding a 
planet orbiting the closest star to the Sun, 
And so far, this exoplanet shows some sim- 
ilarity to Earth, as it’s roughly the mass of _{ 
our planet and in just the right place where, 
if it has an atmosphere, liquid water could 
exist on the surface. 

This is as in our backyard as it gets. 

“think it actually marks a transition,” 
Jeffrey Coughlin, a SETI Institute scientist 
not involved in the study who assembles 


This artist's view shows how Proxima Centau 
may look from just behind Centauri bro xm 
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the Kepler catalog, says. “Twenty years ago, 
we were finding the first exoplanets, and it 
was totally exciting,” he says. Then there 
was the Kepler space telescope, which 
found thousands of planets, including 
some in the habitable zone, and some 
within a few dozen light-years of us 

‘And now there’s a planet named 
Proxima Centauri b of 1.3 Earth masses 
right next door, zipping around its star in 
11.2 days. Its distance of around 4.3 million 
miles (7 million kilometers) from its star 
may seem tiny, at less than one-fifth the 
distance between Mercury and the Sun, but 
Proxima Centauri is the runt of the litter in 
the Alpha Centauri system. At a diameter 
of around 125,000 miles (200,000km), it’s 
only 1.43 times the diameter of Jupiter. 

So how was there a planet hiding 
around the closest star to us, just waiting to 
be discovered? The simple answer: Finding 
a planet is really hard. Kepler found thou- 
sands of planets by staring at 145,000 stars 
in a minute region of the sky at the tail end 
of Cygnus, waiting for the 1 percent chance 
a planet would pass directly in front of a 
star and cause a dip in its light, ina 
method known as transiting 

‘The problem with Proxima Centauri b 
is that it doesn’t transit — at least not from 
our vantage point. In order to witness a 
transit, the orbital plane of a planet must 
be at or near our line of vision, but not all 
solar systems have the same orientation. A 
star might have all of its planets aligned at 
a 90-degree angle from us, with the planets 
orbiting in such a way that they never pass 
in front of their star, enabling our tele- 
scopes to detect them. Some planets have 
been found by direct imaging (that is, a 
planet appearing in a photo along with its 


Anarti pression of the surface of 
Proxima Centauri b, drawn as ifithas an 
atmosphere. Whether or not an atmosphere 
exists is not yet known. MESSER 


star). In order for instruments to directly 
image them, planets must be very young 
and still glowing, or else very large — not 
possible with the 5-billlion-year-old 
Proxima b. 


How to find a planet (that 
doesn’t want to be found) 
‘That's why the Pale Red Dot project, tasked 
with finding a planet around our nearest 
neighbor, had to turn to indirect — but reli- 
able — methods of detection. The research- 
ers chose radial velocity, a process that looks 
for shifts in a star’s light due to the tug of 
a planet, sometimes called the Doppler 
method. Gravity induces subtle movements 
that cause the light of a star to move toward 
the blue end of the light spectrum, which 
means it’s moving toward us, or the red end 
of the spectrum, which means it’s moving 
away. Based on those changes, researchers 
can calculate a mass estimate, and the fre- 
quency gives an idea of the orbit. 

The planet itself was found over a series 
of nights from January 19 to March 31, 
2016, during which Proxima was moni- 


tored closely for subtle variations on the 


NEXT DOOR 


European Southern Observatory’s HARPS 
instrument, a spectroscope that measures 
tiny wobbles in a star's light. 

“Instead of applying for a few nights 
over a semester and repeating the same 
thing over the years, what we did here is 
try to convince ESO it was worth doing 
intensive campaigns to monitor the star 60 
days in a row, only 20 minutes per night,” 
principal investigator Guillem Anglada- 
Escudé said in a pre: 

The end result is a planet as close to us 


‘onference. 


as any could be, outside of a similar discov: 
ery in the same system. 

The project team, however, has been 
cautious every step of the way. The 
ignored weak evidence of the planet's exis- 


tence stretching back to 2013 in favor of 
stronger observations over the subsequent 
three years, factoring in other studies of the 
ar stretching back 16 years. Though fairly 
convinced it’s a planet (above 99 percent 


certain, in fact) based on their data, the 
researchers still refer to the planet as a can- 
didate. A possible second planet in the sy 
tem with a 60-day or longer orbit only gets 
a passing mention in the paper, ignored in 


favor of the solid, concrete evidence. 

‘The researchers also were tight-lipped 
about their findings, awaiting the end of 
the peer review process, But as their 
intended press conference approached, an 
anonymous ESO astronomer leaked the 
story to the German press, sending Pale 
Red Dot into damage control, with the 
team keeping a tighter lid on its findings as 
rumors swirled in the astronomy commu- 
nity. Nature was forced to address the 
rumors in its materials to the press before 
the official announcement. 

Going back to the 2013 detection: the 
evidence was initially weak. Subsequent 
observations bolstered the planet's case, but 
it wasn’t until the most recent observation 

-ampaign that proof for a planet and not 
some other phenomenon solidified. Given 
this history, the team has been methodical 
every step of the way. 

“The authors do a great job in their 

s. They follow all protocol and all 
standard techniques,” Sara Seager, an MIT 
exoplanet researcher and astrobiologist, 
says. “And they do say that they looked at 


other things that could generate a spurious 
Doppler signal at 11 days, but after looking 
at all that, they concluded the variability in 
the data is best explained by the presence 
of a planet.” 

Part of the caginess may arise from a 
2012 detection of a planet around another 
star in the system, Alpha Centauri B. That 
planet, aptly named Alpha Centauri Bb, 
was too hot to sustain life, but instantly 
became the closest planet to us by default. 

Or it would have, if it actually existed. 

‘The detection was riddled with prob- 
Jems, drawn out from spurious data, and 
ignored a low signal-to-noise ratio in 
search of a sensational new planet, the kind 
science fiction has long dreamed of. 
Instead of becoming an Earth-shattering 
revelation, serious doubts were cast on the 
detection, which also used radial velocity. 

“[Pale Red Dot] actually just said the 
most likely explanation is the presence of a 
planet,” Seager says. “If you remember 
Alpha Centauri Bb ... I just think there's a 
concern in the community that every 
retraction looks bad, even though that one 
wasn't officially retracted.” 
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The Proxima Centauri system 


\ Mercury 


This diagram compares the size of the Pr 


is smaller than our Sun, whi 
because the star 


even that close in. sso, romoessenis.co.enan 


‘Thus, the team was rigorous — and 
transparent — every step of the way. After 
all, they couldn't repeat the mistakes of Bb. 
‘The end result? A solid detection of an 
Earth-size planet in a place called the 
“Goldilocks zone,” because it’s neither too 
hot nor too cold for liquid water to exist 

— even if the researchers do use the word 
“candidate” to describe a detection with 
Kepler-catalog-like certainty. 

“Because there have been previous 
claims of other planets (in the system), we 
had to verify as much as possible that, 
[something else] was not causing this can- 
didate signal,” Anglada-Escude said. 


But is it habitable? 
Potential habitability and a lush world of 
liquid bodies of water and a thick atmo- 


sphere are two very different things. In our 


own solar system, three planets are tech- 
nically in the habitable zone. Venus is on 
the inner edge, while Mars is in the outer. 
(Hint: The third is Earth.) 

Mars and Venus likely had bodies of 
water at some point in their history. But 
solar winds and other stellar events ripped 
away layers of lighter elements and evapo- 
rated lakes, oceans, and streams. As the 
water boiled away, the hydrogen escaped 
into space while the oxygen descended and 
bonded with carbon atoms. 

For volcanic Venus, this meant a series 
of heavy elements and molecules created a 


28 ASTRONOMY « NOVEMBER 2016, 


ima Centauri system 
the planet orbits within just a fraction of Mercury's o 
mailer and cooler than the Sun, Proxima Centauri b falls in the habitable zone, 


Habitable zone 
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‘Minimum mass: 1.27 Earth 
Orbital period: 11.19 days 


—Proxima Centauri 


Mass: 0.12 solar masses 
Distance: 4.23 light-years 


10 million 


15 million 
kilometers 


ith our own solar system. The star 
However, 


permanent smog that ensured the planet 
remained a dry hellscape free of all but the 
slightest traces of water vapor. For Mars, 
this meant a thin carbon dioxide atmo- 
sphere with what little water remained 
trapped in frozen lakebed glaciers buried 
under oxidized iron-rich soil, or in sea- 
sonal floes of brine mixed with trace 
amounts of water. 

In either case, these planets didn't last 
long as habitable worlds, at least for any 
life-form beyond a microbe. 

One of the big culprits is the lack of a 
present-day magnetic field on either planet, 
which, like the energy shields in Star Trek, 
deflects the worst the Sun and the universe 
can throw at Earth. 

Even if Proxima Centauri b is in the 
habitable zone, it could have had an earl 
atmosphere ripped away by the first billion 
years of violent stellar activity common 
with red dwarfs. This means that, even if 
the planet is in the right place for liquid 
water, a lack of atmosphere could have 
evaporated that water long ago, leaving a 
cold, barren planet of -40° F (-40° C), 

“The planets are a lot closer to the star 
[than ours is to the Sun], so they're closer to 
these big energetic events — you're just 
potentially getting bombarded with more of 
that for potentially habitable planets around 
M-dwarfs,” Elisabeth Newton, a postdoc- 
toral fellow at MIT who studies red dwarf 
systems (also called M-dwarfs), says. 


This could be especially compounded 
by the planet's tidal locking to its parent 
star, Because of the small separation in the 
system — the distance between Centauri b 
and its star is just 5 percent the distance of 
between Earth and the Sun — the same 
side of the planet faces Proxima Centauri at 
all times, much as the same side of the 
‘Moon faces Earth at all times. 

However, if Centauri b still has an 
atmosphere, it could reach temperatures up 
to 86° F (30° C) on its sunlit side, and 
22° F (-30° C) on its darker side, bringing 
it into quite Earth-like temperature ranges. 

‘The key to preserving an atmosphere is 
a magnetic field. Researchers have gone 
back and forth about if tidally locked plan- 
ets could generate magnetic fields, which 
are a consequence of molten materials in 
the planets’ core stirring with its rotation. 
Since red dwarf planets are in lockstep 
with their star, some believe the cores 
would be inert. 

Mercedes Lopez-Morales, an astrono- 
mer at the Harvard-Smithsonian Center 
for Astrophysics, has modeled the possi- 
bilities of magnetic fields around red 
dwarf planets, and a picture is gradually 
emerging: The planets likely form in the 
outer parts of their solar systems and 
migrate in. This means they start out life 
rotating, and possibly generating a mag- 
netic field if they have the right materials 
in their core. 

“On Earth, we're only here because we 
have a magnetic field that shields us from 
any solar wind,” she says. “Any solar storm 
could wipe us out otherwise.” 

Once these planets migrate in, their star 
strips off the early atmosphere of lighter 
elements. But heavier elements — like oxy- 
gen — could be left behind, The magnetic 
field shields the planet from the worst 
excesses of its star, which then settles into a 
state of relative dormancy it can stay in for 
trillions of years. 

Volcanism and other mechanisms could 
replenish the atmosphere. With the star less 
active, that atmosphere could stick around. 
Lopez-Morales also says that the magnetic 
field could stay active for billions of years, 
even after a planet becomes tidally locked, 

In other words, the hope for life can stay 
alive, even after the brutal first eon of the 
planet’s life. 

“There's no reason why a planet like this 
could not keep a magnetic field long 
enough for life to develop itself,” Lopez- 
Morales says. 

‘That means it could hold on to liquid 
water. But does it? 


In transit 

The Pale Red Dot team found a planet. It 
seems to be the right mass and the right 
distance from its star to put something 
somewhat similar to Earth in our cosmic 
backyard. But reality is way more compli- 
cated than that, as seen by the aforemen- 
tioned histories of Venus and Mars. 

Astronomers need to observe the planet 
in greater detail in order to further charac- 
terize it. The problem is that Centauri b 
was detected indirectly, and there’s very 
little to draw out of the data besides its 
orbit and size. 

“The planets are so small, the signals are 
so weak, it takes a huge amount of resources 
to make a detection at all,” Seager says. “If 
you want to do better, it almost needs its 
own dedicated telescope just to hammer 
away at it and do better and better.” 

The easiest way to study a planet’s 
atmosphere — and easy is a very, very rela- 
tive term here — is to watch the planet pass 
in front of its star and to watch the spectra 
of any gases that distort the star's light. The 
problem with this method is that thus far, 
‘no transits have been detected around 
Proxima Centauri, though it hasn't been 
ruled out as a possibility. 

But to Newton, “it’s basically the best 
target for future efforts to look for biosig- 
natures in the atmospheres of other plan- 
ets.” You just need to know how and where 
to look, 

Currently, no instrument in space or on 
the ground is sensitive enough to pick up 
reflected light from older and smaller plan- 
ets. But the James Webb Space Telescope 
might be, as will other mega-telescope 
projects currently under construction. 

Catching these glimmers of light, how- 
ever faint, could indicate whether there's 
an atmosphere, and even what it’s made of. 

“You find the spectrum of the planet, 
and from that you can detect molecules in 
the atmosphere of the planet,” Newton says. 

Seager mentions the possibility of using 
stellar suppression techniques in the 
future, a process in which blocking the 
light of the star from the vantage point of a 
telescope allows the instrument to gather 
more light from the planet or planets 
around that star, 

One of the other possibilities is viewing 
in infrared. Cullen Blake, a University of 
Pennsylvania researcher who studies low- 
mass stars and their planets, says in visible 
light, “you definitely have a pretty severe 
limit to the distance to which you can see 
these measurements.” 

Infrared eliminates some of those 


In this image of the Alpha Centauri system, the yellow circle shows the location of 
Centauri. In the system, Alpha Centauri A and Alpha Centauri, slightly larger and si 
Proxima orbits both at a distance. sixranenwninenaconons 


Sun, respectively, orbit each other whi 


hurdles. This could show the planet’s own 
glow, without the need for starlight. 
Because of atmospheric distortion, virtu- 
ally all infrared astronomy has to be per- 
formed by space-based telescopes or 
high-altitude flying observatories like 
NASA's Stratospheric Observatory for 
Infrared Astronomy, a telescope mounted 
to a Boeing 747SP. 

Future space observatories like Webb or 
Hubble-like telescopes built for infrared 
with apertures of around 3 meters could 
also aid in the hunt. 

“We can look at the light from the star 
that gets reflected on the atmosphere of 
the planet, or we can look at the light in 
the infrared coming directly from the 
planet,” Lopez-Morales says. 


Looking to the future 

Now we know — or know with only a 
sliver of a percent of doubt — that there’s 
a planet slightly more massive than Earth 
the next star over. It’s a banner accom- 
plishment, one that has the scientific com- 
munity salivating at the possibilities. 

“To find one around the nearest, best- 
studied star ... maybe we're just really 
lucky, or maybe there really are just bil- 
lions of M-dwarf planets out there waiting 
for us to find them,” Newton says. 

Low-mass stars are the most plentiful in 
the galaxy. Of the 10 closest star systems to 
Earth, only one does not contain a low- 


nt, tiny Proxima 
jntly smaller than the 


mass star (the Sirius system consists of a 
blue giant and an ultra-compact white 
dwarf, the remnant of a Sun-like star). 
Beyond those two, only Proxima 
Centauri’s bigger brothers Alpha Centauri 
‘Aand Bare larger stars. 

Nearly every star is suspected to have a 
planet. Some of those could be habitable. If 
it ends up that Proxima Centauri b is bar- 
ren, then perhaps we'll have better luck 
looking at the next star over, Barnard’s 
Star, where planetary detection has 
remained elusive. It could be that, like 
Proxima Centauri, we haven’t been looking 
for the right kind of planet with the right 
kind of dedication. 

Or maybe the real solution is at 
Wolf 359, 7.7 light-years away. Or 
Lalande 21185, 8.2 light-years away. Or 
any number of other targets less than a 
dozen light-years away. 

“If you just make a list of the closest 
stars to the Sun, there's a handful there 
that would make good targets for these 
kinds of observations,” Blake says. 

We may not need to go clear out to 
Wolf 1061 at 13.8 light-years away to find 
the next closest potentially habitable 
planet. All we need to do is stretch our 
instruments to the limits and take a dedi- 
cated look for the next pale red dot. 


John Wenz is the associate editor of 
Astronomy magazine. 
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Rock tour 


From near-Earth objects to the 
distant Oort Cloud, the solar 
system's bodies teach us about 
its origins. by Michael Carroll 


ebruary 2013 
brought two 
space rocks 
uncomfort- 
ably close to 
Earth and its 7 billion 
inhabitants. The more 
famous visitor exploded with- 
out warning over Chelyabinsk, 
Russia, and caused extensive 
damage. The 65-foot-diameter 
(20 meters) meteorite was 
large enough to shatter win- 
dows and light up the sky, 
but was still well under the 
size routinely monitored by 
space agencies. 

Just 16 hours after the 
meteor fall at Chelyabinsk, 
observers were ready for an 
unrelated intruder that they 
had been tracking. Asteroid 
367943 Duende quietly coasted 
through the Earth-Moon sys- 
tem, upstaged by the unsched- 
uled Russian meteor before it. 
Measuring 100 feet (30m) 
across and estimated at 130,000 
metric tons, the Duende space 
rock could surely have made it 
to ground had it been on a 
slightly different path, causing 
far more extensive damage than 
Chelyabinsk’s airburst. Duende 
came within 17,000 miles 


(27,000 kilometers) of Earth’s 
surface, closer than the orbits 
of many communications and 
weather satellites. 

These small orbiting and 
incoming bodies are important. 
‘The asteroids and their icy 
cometary cousins survive as 
remnant construction materials 
of our planetary system, time 
travelers from the earliest for- 
mative years of the solar family. 
And although their occasional 
forays close to Earth can make 
us nervous, they offer a valu- 
able window into the history 
and heritage of the planets. 


What would happen if an aster- 
oid akin to Duende dropped 
out of our skies? Such an event 
did take place in Arizona a 
few tens of thousands of years 
ago, resulting in what is now 
known as the Barringer Meteor 
Crater. At the time of impact, 
Pleistocene deer, mammoths, 
and mastodons grazed within 
the grassy pinyon-juniper 
woodlands of modern-day 
central Arizona. 

Above that idyllic landscape, 
the southern skies flared with 


Asteroid Duende (left) and the Chelyabinsk meteor float peacefully within 
Pittsburgh's Heinz Field sports stadium, au. array nse aunWor.wnniveDinrBemARo GAGNON 
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Comet Hartley 2 is roughly six times 
as tall as the Eiffel Tower. Even a 
“small” body such as this would 
leave a crater 12 to 20km across, 
and a far larger swath of destruc- 
tion. nas 


an untimely sunrise as a 
300,000-ton pile of metal 
screamed through the firma- 
ment. The cosmic intruder was 
traveling roughly 29,000 mph 
(47,000 km/h). At that break- 
neck speed, the meteor would 
have crossed the distance from 
Los Angeles to San Francisco in 
less than a minute. Its landfall 
triggered an explosion with the 
power of 2.5 million tons of 
TNT. Within 2 miles (3km) of 
the impact, 1,200 mph (2,000 
km/h) winds tore across the 
landscape, obliterating every- 
thing in their path. Any ani- 
mals within 6 miles (10km) of 
the impact site were fatally 


Michael Carroll is a science writer 
and space artist. Visuals and some 
text are from his new book, Picture 
This!: Grasping the Dimensions 
of Time and Space (Springer 
Publishers). 
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burned, and out to 15 miles 
(24km), they were killed or 
injured by flying debris. 

‘The nickel-iron asteroid that 
excavated Meteor Crater may 
have been 160 feet (50m) in 
diameter, as wide as three box- 
cars lined up end to end. Nearly 
half the meteorite vaporized as 
the projectile seared through 
the atmosphere. On impact, the 
meteorite transformed into 
molten rock and metallic vapor. 
Less than a tenth survived as 
solid fragments. Researchers 
estimate that similar impacts 
transpire an average of once 
every 1,600 years somewhere 
on Earth, and about once each 
6,000 years on dry land. 

More massive impacts, such 
as the city-sized boulder that 
ended the reign of the dino- 
saurs, occur only once every 
hundred million years, while 
at the opposite end of the 


spectrum, pebble- and grain- 
sized meteorites rain down on 
Earth every day. 


The lay of the land 


The solar system has a lot of 
ammunition to throw at us. 
‘The main asteroid belt floats 
between the orbits of Mars and 
Jupiter, but asteroids are not 
confined to this region. An 
astronaut backing away from 
the solar system would not see 
a flat disk of rocks between the 
fourth and fifth planets, but 
rather a great swarm of aster- 
oids in a doughnut shape sur- 
rounding the Sun, stretching 
from inside the martian orbit 
to the neighborhood of Jupiter, 
with a few stragglers on either 


side, NASA and other organiza- 


tions have invested much time 
and money into identifying 
and keeping tabs on the larg- 
est denizens of this belt. More 


than 200 asteroids measure 
larger than 60 miles (100km) in 
diameter. Ceres — the largest 
— spans more than 600 miles 
(1,000km), comparable in size 
to Quebec. The main belt may 
hold more than 750,000 aster- 
oids greater than one-half mile 
(1km) in diameter. Still, the 
space rocks cover so much vol- 
ume that the average distance 
between them is something like 
1 million miles (1.6 million km) 
— solar system travelers will 
never need to dodge swarms of 
rocks, a la Star Wars. 

At the outer edge of the 
planets’ realm, the Kuiper Belt 
forms another ring of rocky 
bodies. Like the main belt, this 
group also contains some 
standout members. Pluto, the 
largest and most renowned of 
the Kuiper Belt objects (KBOs), 
travels around the Sun two 
times for every three circuits 


The dwarf planet Ceres 
(at center) would be a 
tiny companion to the 


made by Neptune, putting it in 
a 3:2 resonance. Nearly one- 
quarter of all known KBOs are 
in this specific orbital relation- 
ship, and they are referred to as 
Plutinos. The Kuiper Belt also 
serves as the reservoir of short- 
period comets like the famous 
Halley or the European Space 
Agency's (ESA) recent target, 
67P/Churyumov-Gerasimenko. 
‘These icy bodies come to our 
attention when one of the giant 
outer planets like Neptune 
nudges a KBO’s path so that it 
coasts inward toward the Sun. 
As it warms, it develops a cloud 
that streams off ina long tail 
under the influence of sunlight 
and the solar wind. 

Though its foggy coma and 


In the main belt, asteroids are separated by some 1 million 
miles. Travelers will never need to dodge swarms of rocks. 
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‘The meteor that blasted out Arizona's Barringer Meteor Crater may have been as wide across as three boxcars. 
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Strange flows on Saturn's moon 
Helene (left) speak of ongoing 
ity. Top and side views of 
\g-saucer-shaped moon Atlas 
ht) reveal its irregular appear 
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gas and dust tails m 
for upward of 100 million 
miles (150 million km), a com- 
et’s nucleus, the source of that 
glowing spectacle, is only a few 
kilometers across, smaller than 
many of the asteroids earthly 
probes have visited. While 
asteroids are collections of 
rock and metal, comets are 
rich in volatiles like water, 
hydrogen cyanide, carbon 
monoxide, ammonia, and 
methane. However, mai 
asteroids also possess volatiles, 
and may be burned-out com- 
ets, The distinction between 
the two is sometimes as hazy 
as a comet's tail. 

‘And occasionally, comets 
come in from a very long 


‘ile 
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distance away. These long- 
period comets are seen only 
once in a lifetime, returning 
after hundreds or thousands of 
years. Comets with these long 
orbits come from an icy reser- 
voir farther out than the Kuiper 
Belt — the Oort Cloud, a vast 
bubble of dust and ice encircling 
the entire solar neighborhood at 
distances up to one light-year 

In fact, its members are so 
distant that astronomers cannot 
directly observe it, and its pres- 
implied by these 


With the advent of space 
exploration, we've been able 

to see some asteroids up close. 
While we've studied many, we 
have returned samples from 
only one, 25143 Itokawa. The 
Japanese Aerospace Exploration 
‘Agency conceived of the daring 
sample return mission, which 
they called Hayabusa (Falcon). 
Itokawa appears to be a loosely 
held together pile of rubble. 
‘The debris making up the 
asteroid ranges from sand-sized 
grains to boulders the size of 

a 10-story building, Particles 
returned by Hayabusa bear 


similarities to those of common 
carbonaceous chondrite mete- 
orites, and their study con- 
firmed long-held theories that 
parent asteroids like Itokawa 
are responsible for most of the 
meteorites that fall to Earth 
Hayabusa also taught research- 
ers that Itokawa itself broke off 
from a larger asteroid. 

While Itokawa is basically a 
rubble pile, other asteroids are 
more like flying mountains of 
dense stone or metal, NASA's 
Dawn spacecraft arrived at 
Ceres in March 2015 and is still 
studying the dwarf planet, 
which makes up one-third of 
the mass of the entire asteroid 
belt. Ceres circles the Sun once 
every 4.6 Earth-years. The 
asteroid is large enough that it 
has probably become differenti- 
ated, with heavier materials 
settling to the core and lighter 
ones, like water and other vola- 
tiles, rising to the outer layers. 
Ceres’ rich geology includes 
outcrops of bright material, 
probably salts, some of which 
seem to be venting hazes, 

Before heading off to recon- 
noiter Ceres, Dawn settled into 
orbit around the 326-mile 
(525km) asteroid Vesta. It 


found Vesta to be a rocky, com- 
plex world with a differentiated 
core, a structure much like the 
terrestrial planets. Its tortured 
surface plays host to the titanic 
Rheasilvia Crater near its south 
pole, whose central peak rises 
14 miles (22km) above the cra- 
ter floor, a full 2.5 times the 
height of Mount Everest. The 
asteroid shows signs of geologi- 
cal activity. A network of paral- 
lel canyons inscribes the 
equator, while pits and flows of 
material may be signatures of 
past volcanism. 

Spacecraft have studied 
some two dozen asteroids, and 
more encounters are planned. 
‘The Japanese Space Agency has 
already launched Hayabusa 2 
toward 162173 Ryugu. NASA's 
OSIRIS-REx is targeting 
101955 Bennu in a nearly twin 
mission, Both will arrive at 
their targets in 2018, and both 
will return samples to Earth a 
few years later. 


Comets also have hosted a 
handful of robotic visitors. 
Halley's Comet (1P/Halley) 
was visited by no fewer than 


Epimetheus (left) and Janus together compare in si 
little moons are similar in size, notice how their surface textures dramatically differ. nasa crere:nnsaru 


five spacecraft during its 1986 
approach. The Soviet Vega 1 
and 2, the Japanese Sakigake 
and Suisei, and the European 
Giotto probes all flew out to 
greet and study the comet in 
what was collectively termed 
Halley's Armada, Giotto made 
the closest approach, at 850 
miles (1,400km), snapping 
pictures of the comet's nucleus, 
the first ever taken in situ. 

NASA's Deep Impact space- 
craft visited two comets. Its 
primary target was Tempel 1 
(9P/Tempel), which it 
approached in 2005, In a rather 
spectacular mission, the main 
spacecraft released an impactor 
into the comet's path on July 3, 
and on July 4, Tempel 1 
slammed into it, with the 
impactor sending back images 
of the approaching comet until 
only a few seconds before its 
demise. It was a close-up in the 
extreme, and it returned valu- 
able information about Tempel 
1, which was more porous and 
dusty than scientists had 
expected. 

NASA approved Deep 
Impact for an extended mission 
called EPOXI, and it coasted by 


ind of Crete. Although the 


Comet Hartley 2 (103P/ 
Hartley) in November 2010 at a 
distance of 430 miles (700km). 
‘The craft snapped images of 
the spectacular nucleus and 
sampled its gases. The little 
comet spins around once every 
18 hours, but it also spins 
around a second axis, bobbing 
and dipping as it turns. 
Hartley's two tips are rougher 
than its midsection. They are 
encrusted with glistening boul- 
ders — perhaps chunks of pris- 
tine ice — some of them as tall 
asa 16-story building, 

ESA's Rosetta spacecraft 
approached the short-period 
comet 67P/Churyumov- 
Gerasimenko in 2014, settling 
into an uneasy orbit around the 
tiny, weakly gravitating ice ball. 
Its goal: to accompany 67P into 
the inner solar system, observ- 
ing the nucleus as it vaporized 
and became an active comet. 

On November 12, 2014, 
Rosetta deployed an ambitious 
lander called Philae. Flight 
controllers at ESA’s center in 
Darmstadt, Germany, deployed 
Philae to the surface of the 
comet, but its ground-hugging 
harpoons failed to deploy. 


The informally named Cheops boul- 
der (arrowed) on Comet 67P is much 
smaller than the Great Pyramid of 
Cheops (top, at upper left) — bet- 
ter known as the Great Pyram 

at Giza. It is far closer in size to St. 
Basil's Cathedral in Moscow (above). 


Under the comet's weak grav- 
ity, the plucky lander bounced 
off the surface, accruing a 
“hang time” of approximately 
two hours before eventually 
coming to rest against a rug- 
ged cliff. Shadows obscured 
Philae’s solar panels; after 

64 hours of surface operations 
running solely on battery 
power, the lander succumbed 
to low energy levels, putting 
itself into hibernation. During 
its brief but furious investiga- 
tions, the lander sampled the 
comet’s atmosphere and dis- 
covered organic molecules. 
Philae also returned data on 
magnetic fields and day-to- 
night temperature variations 
(-180° C to -145° C, or -292° F 
to -229° F), and transmitted a 
spectacular panorama, the first 


The Dawn spacecraft found Vesta to be a rocky, complex 
world — a structure much like the terrestrial planets. 


from the surface of a comet. 
Using a radar system in con- 
cert with the Rosetta orbiter, 
Philae was even able to probe 
the comet's core. 

Comet 67P is not quite rock 
or iceberg, It is as dense as 
cork, with a porous interior 
probably filled with small hol- 
lows and caverns. The coma 
surrounding the nucleus, a 
cloud of dust and gases from 
the comet's interior, morphs 
and changes daily. The cloud is 
a swarm of microscopic par- 
ticles mixed with a few large 
chunks up to a meter across. 
Jets — made mostly of water 
vapor — billow out into the 
coma. The surface, expected to 
be icy, isin fact very dry, with a 
complex mix of carbon-hydro- 
‘gen or oxygen-hydrogen chemi- 
cals, Small outcrops or pebbles 
of water ice peek out here and 
there, with only a few bright 
patches containing any signifi- 
cant amounts of water. 


The asteroid Itokawa would fit neatly next to Toronto's CN Tower. w«z0in 


67P and other short-period 
comets like it are rich in carbon 
and other building blocks of 
life. This makes such comets a 
prime target in our search for 
the origins of life and the pro- 
cesses that led to the planetary 
system we live in today. 


Some of the objects from the 
cosmic hinterlands of the 
Kuiper Belt and Oort Cloud 
may have wandered in to be 
captured by the major planets, 
becoming moons. The gas and 
ice giants hold on to extended 
families of tiny moons. Their 
inner moons tend to follow 
orbits that are flattened to the 
plane of the equator. But the 
more distant small moons orbit 
in unusual circuits that can be 
quite inclined to the equator 
and extremely eccentric (highly 
elongated). Jupiter alone has 

67 confirmed moons. Its four 
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An assortment of comets and asteroids, to scale, sits on a tablecloth where 


each square is Tkm across. 


Galilean satellites are large, 
with Ganymede measuring 
larger than the planet Mercury. 
The 63 others are quite small 
by comparison. The largest of 
the minor moons is potato- 
shaped Amalthea, 150 miles 
(250km) at its longest span, and 
80 miles (128km) at its most 
narrow. Amalthea is likely a 
captured object from the aster- 
oid belt. It is so close to Jupiter 
that it orbits in the equatorial 
plane, its path made regular 
by Jupiter's mighty gravity. 
Farther out, the moons travel 
in less well-behaved paths that 
betray their non-jovian origins 
as captured asteroids. Some, 
like the Pasiphae group, travel 
not only in eccentric orbits, 
but retrograde, or backward to 
Jupiter's rotation. 

‘We find small moons in odd 
orbits around all the giant 
planets. Two of Saturn's small 
satellites have the unique dis- 
tinction of sharing the same 
orbit. Epimetheus and Janus 
circle the lord of the rings at a 
distance of just over 94,000 
miles (151,000km), less than 
half the distance from Earth to 
the Moon. Their shared orbit is 
a dance that shows off the way 
gravity works. The farther out 
from a planet an object is, the 
more slowly it revolyes around 
the planet. The inner of these 
co-orbiting moons circles 
Saturn more quickly, but only 
slightly, completing the course 
30 seconds faster than its 


sibling. Eventually, the inner 
moon catches up. The gravity 
of the outer moon pulls upon 
the inner one, causing the 
inner moon to speed up and 
move into a higher orbit. The 
inner moon, in turn, slows the 
outer one, dragging it into a 
lower orbit. The moons trade 
places in their orbits once every 
four years, 

Some moons are embedded 
within Saturn's ring system, 
circling the golden globe amid 
a blizzard of ice chunks and 
powder. Their location leads 
them to have curious shapes. 
‘The moons Pan and Atlas each 
wear a remarkable bulge 
around their equators. The 
ridges consist of ring material 
that has settled around the 
middle, giving both satellites a 
flying saucer appearance. 

A surprising feature of 
many small moons and aster- 
oids is the presence of flows. 
Surprises lurk around almost 
every corner of small bodies. 

Wherever scientists look, 
the activity of even the smallest 
members of the solar family 
belies their exciting character. 
While often overlooked for 
their larger planetary brethren, 
the various comets and aster- 
oids are no less interesting than 
the planets, moons, and Sun 
that steal so much attention. 
‘Those rocks, each a tiny world 
of discovery, are waiting for 
future explorers, both robotic 
and human. 
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®@ Visible to the naked eye 
_ Ab Visible with binoculars 
FF Visible witha telescope 


November 2016: Evening planet show 


Accrescent Moon stands above brilliant Venus and dimmer Saturn before dawn on January 6, 2016. The same three 


objects put on a simi 


ightfall comes early in 
November, aided by 
the Sun’s southward 
plunge through Earth’s 
sky and the return of 
standard time to most of the 
United States and Canada. For 
skywatchers, the early arrival 
of darkness brings nice views 
of nearly all of the solar sys- 
tem’s major planets. Only 
Jupiter, which dazzles in the 
predawn sky, misses out on 
the action. 

On November's first eve- 
ning, a slender crescent Moon 
paints a pretty scene with 
Venus and Saturn. Look for 
‘Venus 10° above the south- 
western horizon 45 minutes 
after sunset. Gleaming at mag- 
nitude ~4.0, the inner planet 
stands out despite its low 
altitude and the twilight glow. 
Next, look for the two-day-old 
Moon 15° (two binocular 
fields) to the right of Venus. 
‘As the sky darkens, Saturn 
pops into view 5° to Venus’ 
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how at dusk on November 2. soi ciuisace 


right, Shining at magnitude 
0.5, the ringed planet could be 
a challenge for naked-eye 
observers under less-than- 
ideal conditions. Use binocu- 
lars if you want to see the 
1st-magnitude star Antares 

7° below Saturn. 


By the next night, the wax- 
ing crescent Moon has moved 
toa position 4° above Saturn. 
With each passing evening, 
the Moon climbs higher while 
Saturn dips lower. The planet 
disappears into bright twilight 
by late November. 


Apretty twilight gathering > 
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Antares 
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‘A waxing crescent Moon slides above Venus and Saturn as 
to fall the evening of November 2. au. wusraarions:asrronownoen Ke.uy 


Like the Moon, Venus 
ascends into a darker sky as 
the month progresses, though 
at a far slower pace. Its path 
takes it in front of the mag- 
nificent backdrop of Sagit- 
tarius during mid-November. 
Although most of this con- 
stellation’s deep-sky objects 
won't show up in twilight, 
observers and imagers will 
experience more dark skies as 
the planet's angular distance 
from the Sun increases. 

Venus lies within 2° of the 
Lagoon Nebula (M8) from 
November 11-13, passing just 
1.2° south of the stellar nurs- 
ery on the 12th. The Trifid 
Nebula (M20) stands 14° 
north-northwest of the 
Lagoon with the open star 
cluster M21 just 0.7° north- 
east of the Trifid. Venus 
appears as a dramatic if tem- 
porary jewel among these 
regular deep-sky gems. 

‘The planet spends Novem- 
ber 16 and 17 within 1° of 
Lambda (A) Sagittarii, the 3rd- 
magnitude star at the top of 
the Archer's Teapot asterism. 
On the 16th, Venus passes 0.7° 
south of the 7th-magnitude 
globular star cluster M28. Two 
nights later, it slides 1.6° south 
of the Sth-magnitude globular 
M22. This is the last of the 
planet's Messier encounters 
this month. By November's 
close, the inner world pulls 
within 1° of the magnitude 4.6 
double star 52 Sgr in eastern 
Sagittarius. 


Martin Ratcliffe provides 
planetarium development 

for Sky-Skan, Inc, from his 

home in Wichita, Kansas. 
Meteorologist Alister Ling 
works for Environment Canada in 
Edmonton, Alberta, 


RISINGMOON 
The peak at the end 


of the rainbow 


The Moon's northwestern quad- 
rant includes many bright cra- 
ters and a vast sea of frozen 
lava, but one of its most promi- 
nent features is a small bay sur- 
rounded by a semicircular arc of, 
mountains, Sinus Iridum (Bay of 
Rainbows) and Montes Jura 
(Uura Mountains) create a strik- 
ing scene when the Sun rises 
over the region the evening of 
November 9. 

The leading peak, Promon- 
torium (Cape) Laplace, casts a 
long shadow across the bay's 
undulating lavas, Watch it 
shorten over a few hours as the 
Sun climbs higher and starts to 


A telescope reveals modest 
changes in Venus’ appearance 
this month. On the Ist, the 
Sun illuminates 78 percent of 
the planet’s 14"-diameter disk. 
By month's end, the phase 
wanes to 69 percent lit while 
the diameter swells to 17’. 

Venus isn’t the only planet 
to visit 52 Sgr in November. 
Mars begins the month 3° 
northeast of this double. The 
Red Planet shines at magni- 
tude 0.4, some 50 times 
brighter than the distant pair. 
The waxing crescent Moon 
appears near Mars on both 
the Sth and 6th. 

Mars crosses from Sagit- 
tarius into Capricornus on 
November 8 and makes it 
across much of this constella- 
tion by month’s end. On the 
30th, it appears midway 
between the 4th-magnitude 
stars Theta (8) and Tota (() 
Capricorn, The planet's rapid 
eastward motion relative to 
the background stars means 
that it sets less than five min- 
utes earlier at the end of 
November than it did at the 
start. Still, your best views will 
come soon after twilight ends. 


drape its light down the moun- 
tain’s western flank. 

The Jura's highest peaks, 
which lie on the terminator’s 
dark side on the 9th, flicker in 
and out of view, changing color 
the same way Sirius does when 
it twinkles. Perhaps this is why 
Italian astronomer Giovanni 
Riccioli named this the Bay of 
Rainbows. Several long wrinkle 
ridges stretch south of the bay. 
Although clearly defined by 
their shadows on the 9th, these 
ridges disappear day by day 
under the higher Sun. 

Three years ago, China 
landed its Chang’e 3 spacecraft 


The waxing gibbous Moon delivers stunning views of Sinus Iridum and 
its surrounding mountains, covsouosreowunaranasiunnrinser NASNOSFCASU 


and Yutu (lade Rabbit) rover 
just outside Sinus Iridum. 
Scientists deduced that the 
surface there is volcanic basalt 


and a full billion years younger 
than the 4 billion-year-old 
samples returned by Apollo 
astronauts. 


Leo 


meteors 


Luna spoils Leo the Lion’s show 


Although autumn boasts the most 
major meteor showers, the Moon 
puts a damper on this year’s di 
plays. Like October's Orionids, a 
waning gibbous Moon shares the 
sky with this month's Leonid mete- 
or shower. The Leonids peak before 
dawn on November 17, when a 
nearly 90-percent-lit Moon stands. 
55° away from the shower's radiant. 

The shower remains active from 
November 6-30, however, so you 
should see a few stragglers in the 
days before the November 14 Full 
Moon and again in the month's 
final week. To tell a Leonid from a 
random meteor, trace its path 
backward. A shower meteor will 
appear to originate from the con- 
stellation Leo the Lion. 


Unfortunately, the appear- 
ance of Mars through a telescope 
pales in comparison to what it 
delivered this spring and sum- 
mer. Its disk now spans 7” and 


Leonid meteor shower a> 


URSA MAJOR: , 


Although this month's waning 


likely will look like a featureless 
orange globe through small 
scopes. With an 8-inch or larger 
instrument and steady seeing 
conditions, you might detect a 


Active dates: November 6-30 

Peak: November 17 

Moon at peak: Waning gibbous 

Maximum rate at peak: 
15 meteors/hour 


HYDRA 


eeguls 


Alphatd” 


}0us Moon will drown out many 
fainter meteors, keep an eye out for the brightest Leonids. 


few subtle dark markings. 
Winter begins in Mars’ 
northern hemisphere at the 
solstice on November 28. 

— Continued on page 42 
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How to use this map: This map portrays the 
sky as seen near 35° north latitude. Located 
inside the border are the cardinal directions 


. +0: 
and their intermediate points. To find : ¢ oe 
stars, hold the map overhead and Be 

orient it so one of the labels matches -. Youn / 


the direction you're facing. The 
stars above the map's horizon 
now match what's in the sky. 


The all-sky map shows 
how the sky looks at: 


10 p.m. November 1 
8 p.m. November 15 
7p. November 30 


Planets are shown 
at midmonth 


STAR 
MAGNITUDES 


@ Sirius 
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STAR COLORS 

Astar’s color depends 

on its surface temperatur 

(© Thehottest stars shine blue 

© Slightly cooler stars appear white 

© Intermediate stars (like the Sun) glow yellow 

© Lower-temperature stars appear orange 

© The coolest stars glow red 

© Fainter stars can't excite our eyes’ color 
receptors, so they appear white unless you 
use optical aid to gather more light 
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MAP SYMBOLS. 
£73 Open cluster 

® Globular cluster 
(1 Diffuse nebula 
> Planetary nebula 
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Note: Moon phases in the calendar vary 
in size due to the distance from Earth 
and are shown at Oh Universal Time. 
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Calendar of events 


2 The Moon passes 4° north of 
Saturn, 3 pa, EDT 


The Moon passes 7° north of 
Venus, midnight EDT 


3. Asteroid Eurynome is at 
opposition, 1 pw. EDT 


6 The Moon passes 5° north of 
Mars, 7 AM. EST 


7 First Quarter Moon 
occurs at 2:51 Pi, EST 


9 The Moon passes 1.0° north of 
Neptune, 10 A. EST 


12. The Moon passes 3° south of 
Uranus, 6 a.m. EST 


14. The Moon is at perigee 
(221,524 miles from Earth), 
6:21 AM.EST 


Full Moon occurs at 
8:52 AM. EST 


SPECIAL OBSERVING DATE 
14 Full Moon occurs just 
2.5 hours after the closest 
perigee of the year, 
making this the largest 
Full Moon (33.5' across) 
of 2016. 


2 


24 


7 


29 


30 


The Moon passes 0.4° north of 
Aldebaran, noon EST 


Leonid meteor shower peaks 


Mercury passes 3° north of 
Antares, 47.M, EST 


Neptune is stationary, 
5 am.EST 


Last Quarter Moon 
occurs at 3:33 AM. EST 


The Moon passes 1.9° north of 
Jupiter, 9 em, EST 


The Moon is at apogee 
(252,621 miles from Earth), 
3:08 em. EST 


New Moon occurs at 
718. AM. EST 


Asteroid Juno is in conjunction 
with the Sun, 3 pa. EST 


The Moon passes 7° north of 
Mercury, 11 ea, EST 


BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT www.Astronomy.com/starchart. 
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Tollocate the Moon in the sky, draw a line from the phase shown for the day straight up to the curved blue line. 
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The planets These illustrations show the size, phase, and orientation of each planet and the two brightest dwarf planets at Oh UT 
P for the dates in the data table at bottom. South is at the top to match the view through a telescope. 
in the sky 


2 ) 


Mercury Uranus 


Jupiter Neptune 


MERCURY VENUS MARS CERES JUPITER SATURN = URANUS = NEPTUNE PLUTO. 
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This map unfolds the entire night sky from sunset (at right) until sunrise (at left). 
Arrows and colored dots show motions and locations of solar system objects during the month. 


Objects visible in the evening* 
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‘The Moon passes Saturn and 
Venus on November 2 
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— Continued from page 37 


Another planet joins the 
evening scene in November's 
final week. Mercury passed on 
the Sun's far side in late Octo- 
ber and takes about a month to 
climb into view. On November 
30, the innermost planet 
stands 4° above the southwest- 
ern horizon 30 minutes after 
sunset. It shines at magnitude 
~0.5, bright enough to show 
up against the bright twilight. 
That same evening, a one-day- 
old Moon appears 7° north 
(upper right) of the planet. A 
telescope reveals Mercury’s fat 
gibbous disk, which measures 
5.5” in diameter. 


You'll want to wait until 
twilight has faded away before 


COMETSEARCH 


| 
tracking down the two outer 
planets. Neptune lies due 
south and nearly halfway to 
the zenith at 7 p.m. local time 
in mid-November. The distant 
world glows at magnitude 79, 
bright enough to see through 
binoculars if you know where 
to look. To find it, first locate 
4th-magnitude Lambda 
Aquarii, then scan 2.5° to the 
southwest (lower right). Don’t 
confuse the planet with a 7th- 
magnitude star that lies just 
7° to its north. 

Neptune normally reveals 
itself by moving relative to the 
background stars, but this 
month it barely crawls. (The 
planet reaches its stationary 


Famine before the feast 


Many comet observers have 
been nibbling on scraps for an 
unusually long period. Although 
we gota lucky break in March 
when Comet 252P/LINEAR had 
an unexpected outburst, and 
PANSTARRS (C/2013 X1) put on a 
-e show in June for those in 
the southern United States, the 
rest of us have had to snack on 
comets that barely reached 11th 
magnitude, The good news is 
that we're heading toward a 
feast late this winter. Astrono- 
mers expect three icy visitors to 
come within range of binoculars 
and five to shine brighter than 
10th magnitude. 

Treat this month's ration as 
training that will help you get 
the most out of the upcoming 
banquet. Comet Johnson 
(/2015 V2) should glow at 12th 
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magnitude as it moves eastward 
through Canes Venatici, a con- 
stellation that climbs halfway to 
the zenith in the northeastern 
sky as dawn breaks. The comet 
begins November just 1° south 
of spiral galaxy M106 and fin- 
ishes the month 3° south of the 
Whirlpool Galaxy (M51). 

Begin with quick looks at 
these two Messier galaxies. Then, 
hop over to the comet's position. 
Unless you have a large tele- 
scope, the faint fuzzball won't be 
visible at low power. Start at 150x 
or so, take a few minutes to get 
accustomed to the darker field, 
and then begin scanning. Nudge 
the tube occasionally to trigger 
the motion-sensitive rods of your 
peripheral vision. 

‘Once you locate Johnson, 
bump up the power again to. 


Jupiter returns before dawn <> Ab 


Denebola 


BOOTES 


e 
Arcturus 


point on November 20.) To 
confirm a sighting, aim a tele- 
scope at your quarry. Only 
Neptune will show a distine- 
tive blue-gray color. And under 
high magnification and good 
seeing conditions, you should 
be able to discern the ice 
giant's 2.3"-diameter disk. 
Uranus climbs highest in 
the south in midevening, when 
it stands nearly two-thirds of 


Comet Johnson (C/2015 V2) 7 


This first-time visitor from the distant Oort Cloud treks through Canes 
1g near the spiral galaxies M51 and M106. 


Venatici in November, pa 
look for detail. The comet likely 
will appear out of round with a 
better-defined southern flank, 

‘Once you've examined this 


HYDRA 


VIRGO * 


The solar system’s largest planet appears conspicuous in November's 
morning sky, where it dominates the background stars of Virgo. 


the way to the zenith. It 
resides among the back- 
ground stars of Pisces, a dim 
zodiacal constellation that 
offers few easy reference stars. 
The best guide is magnitude 
5.2 Zeta (€) Piscium. On 
November 1, the planet 
appears 1.7° east of Zeta; the 
gap closes to 0.9° by the 30th. 
Uranus glows at magni- 
tude 5.7, bright enough to see 


i aves 
CANES VENATICI ‘M106 
vo eSe 


visitor, you'll be ready to dive 
into the structure of next 
month's Comet 45P/Honda- 
Mrkos-Pajdusakova. 


Callisto slides north of Jupiter 7% 


s 


Jupiter 


with the naked eye under a 
dark sky and an easy target 
through binoculars. Don't con- 
fuse it with 88 Psc, a magni- 
tude 6.0 star that lies 0.6° 
south-southeast of Zeta. A 
telescope removes all doubt by 
showing the planet's distine- 
tive blue-green color and 
3.7"-diameter disk, 

As Uranus dips low in the 
west during the wee hours, 
Jupiter pokes above the east- 
ern horizon. The giant planet 
shines at magnitude -1.7 and 
dominates the morning sky 
from its perch in central Virgo. 
On November 1, it stands 2° 
south of 3rd-magnitude 
Gamma (7) Virginis. Jupiter’s 
steady eastward motion during 
the month carries it within 8° 
of Ist-magnitude Spica, Virgo’s 
luminary, by the 30th. The star 
appears directly below the 
planet as the two climb higher 
in the southeast before dawn. 

Calm morning air can pro- 
vide excellent seeing condi- 
tions for viewing Jupiter's 
atmospheric features through a 
telescope. Two dark equatorial 
belts straddle the gas giant’ 
equator, which spans 32" in 
mid-November. Fine details 
often pop into view along the 
edges of these belts. Keep an 
eye out for spots, festoons, 
rifts, and the Great Red Spot. 

Any telescope also reveals 
Jupiter's four bright moons. 
When one of the three inner 
satellites — Io, Europa, or 
Ganymede — crosses in front 


a 
November 24, 6:30 A.M. EST 


Jupiter's outer moon Callisto has passed directly in front of the planet 
‘once each orbit for the past 3.5 years, but it misse 


host this month. 
of Jupiter, it casts a distinct 
shadow on the cloud tops. 
November's first good viewing 
opportunity occurs on the 
Sth, when Io’s shadow arrives 
on the jovian disk at 6:50 a.m. 
CDT (the Sun already has 
risen for East Coast observ- 
ers). The disk of Io itself fol- 
lows 38 minutes later. 

If you live in eastern North 
America, watch Jupiter as it 
rises on November 8. The 
shadow of the planet's largest 
moon, Ganymede, then 
appears on the giant world’s 
north polar region, The moon 
starts to cross the planet's disk 
at 5:03 A.M. EST. Similar per- 
formances occur with Io on 
November 21 and with 
Europa on the 22nd. 

But pethaps November's 
most noteworthy satellite 
show happens the morning of 
November 24, Callisto, the 
outermost Galilean satellite, 


then passes due north of 
Jupiter. For North American 
observers, this is the first time 
in 3.5 years that Callisto 
hasn't crossed in front of the 
planet. Such a near miss can 
happen only during the rela- 
tively brief window when the 

I plane of the 
moons tilts near its maximum 


common orbit 


to our line of sight. 

Earth’s Moon reaches a 
milestone of its own this 
month, Full Moon arrives on 
November 14 just 2.5 hours 


GET DAILY 


CATINGASTEROIDS 


Ceres puts on a Whale of a show 


So big that astronomers now 
also classify it as a dwarf planet, 
asteroid 1 Ceres spends Novem- 
ber gliding westward through 
the sparse star fields of north- 
central Cetus. The 600-mile- 
wide object reached opposition 
and peak visibility in late Octo- 
ber, so itis now perfectly placed 
in the southern sky during late 
evening, Although Ceres fades 
from magnitude 7.5 to 8.1 this 
month, it remains among the 
brightest objects floating above 
the Whale’s back. 

The meager background 
means that it will take some 
effort to find the asteroid by 
star-hopping. Start with Theta 
(0) and Zeta (C) Ceti, a pair of 
4th-magnitude stars on the 
Whale’s back. They lie 7° apart, 
about the width of a typical 
finder field. Then, shift the 


same distance north-northwest 
of Zeta to locate magnitude 5.0 
SAO 129465, the brightest star 

on the chart below. Ceres lies a 
couple of degrees farther north 
throughout November. 

Most of the background 
stars are considerably fainter, 
particularly during the month's 
second half. If you still aren't 
sure which point of light is 
Ceres, return to the same field a 
night or two later and pick out 
the object that shifted position. 
Ceres passes through a wide, 
right-angled triangle of fainter 
stars from November 17-19, an 
opportunity to notice its move- 
ment during a single evening. 

Ceres is not alone — the 
Dawn spacecraft is circling it 
and taking lots of pictures. It’s 
so small, however, that even 
Hubble can't see it. 


Track down a dwarfpplanet Aap 7% 
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after its closest approach to 
Earth since 1948. That makes 
this Full Moon abnormally 
large — 33.5' in apparent 
diameter — some 7 percent 
larger than normal. Still, this 
difference is hardly noticeable 
to the naked eye. Any Full 
Moon appears bigger when it’s 


Eighth-magnitude Ceres journeys slowly westward against the faint 
backdrop of northern Cetus during November. 


near the horizon and your 
mind compares it with famil- 
iar objects nearby, even 
though it comes closer when 
overhead. For North 
American observers, this 
“Super Moon” will 
look largest as it sets the 
morning of the Lith. 


month’s 


DATES ON YOUR NIGHT SKY AT www.Astronomy.com/skythisweek. 


AS KASTRO Astronomy’s experts from around the globe answer your cosmic questions. 


LIGHT 


Q: IF TACHYONS EXIST, HOW MIGHT THEY 


BE DETECTED? 


‘Tachyons are hypothetical 
particles that travel faster than 
the speed of light in a vacuum. 
In Einstein's theory of special 
relativity, only massless par- 
ticles like the photon travel at 
the speed of light; all other 
particles travel slower. 

‘The existence of tachyons 
can lead to “time travel” para- 
doxes. Normally, events only 
depend on what happened in 
the past, but aspects of 
Einstein's theory imply that 
some observers would see a 
tachyon detected before it's 
produced. And because the 
existence of a tachyon is incon- 
sistent with Einstein's remark- 
ably successful theory, a claim 
of tachyon detection would 


require extraordinary evidence. 


How particles are detected 
depends on properties other 
than their velocity. To answer 
your question, we have to ask: 
What kind of particle might be 
a tachyon? We also have to 


Bob Honicutt, Ware Shoals, South Carolina 


guess how tachyons would 
behave, since all known particle 
interactions obey the laws of 
special relativity. 

If an electrically charged 
particle moves faster than the 
speed of light in a given 
medium (which is allowed by 
special relativity), it makes 
the optical analog of a sonic 
boom, a cone of light called 
Cherenkov radiation. If tachy- 
ons were electrically charged, 
they could produce Cherenkov 
radiation in empty space. 

Or one might guess that 
tachyons should be electrically 
neutral, like neutrinos, Neutri- 
nos have very weak interac- 
tions with matter, so physicists 
routinely produce beams of 
them at accelerators and send 
them through miles of earth to 
large underground detectors to 
study their properties. 

If neutrinos were tachyons, 
they would arrive at the detec- 
tor before a photon beam 


Off-axis filter: 
standard telescope into one for 
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ce the one shown her 


re a good way to convert a 


‘observations. onan xrscores uaiocuans 


- 


would, Except you can't send a 
photon beam through rock, so 
you'd have to calculate the 
photon arrival time. 

In 2011, the OPERA experi- 
‘ment at Gran Sasso in the 
Italian Apennines reported 
that neutrinos sent from CERN 
in Geneva, Switzerland, arrived 
60 nanoseconds earlier than 
expected. However, this claim 
was retracted in 2012, 

Lance Dixon 

SLAC National 

Accelerator Laboratory, 
Elementary Particle Physics Division 


Q:I'VE BEEN THINKING 
ABOUT BUYING A SOLAR 
TELESCOPE, BUT! ALREADY 
HAVE A 5-INCH REFLECTOR. 
IS IT POSSIBLE TO CONVERT 
ITINTO A SOLAR SCOPE? IF 
‘SO, WHAT DO I NEED, AND 
HOW DO1GO ABOUT SET- 
TING IT UP IN A SAFE WAY? 
Taylor Reynolds 
Alexandria, Louisiana 


al 


ir reactors when particles 
exceed the speed of light in water. Tachyons might create such a glow in 
empty space. aacounenariona.:asonaronr 


A: The problem in using a nor- 
mal solar filter with a reflector 
is that, because the telescope's 
secondary mirror and support 
are at the front end of the tele- 
scope, they interfere with the 
light and produce a substan- 
dard image. But not to worry! 
Just get an off-axis solar filter. 

This device completely cov- 
ers the front of your scope but 
has a 2-inch-diameter (or so) 
hole that transmits the light. 
‘The hole isn't clear; it's covered 
by approved solar film, and 
that's what the light travels 
through before entering the 
telescope. Be sure to position 
the filter so the hole doesn't 
cross one of the struts support 
ing the secondary mirror. 

You might ask if a 2-inch 
telescope is enough. Oh, yes. 
Remember that the object 
you're observing is the Sun. 
‘There's plenty of light to go 
around. You'll get a nice image 
that will show sunspots and 
sunspot groups if any are 


currently on our daytime star's 
surface. Be sure to try different 
eyepieces to find the best view. 

‘Michael E, Bakich 

Senior Editor 


Q: WE OFTEN HEAR THAT 
METEORS ARE TINY — A 
SPECK OF DUST OR, AT 
MOST, A PEBBLE — AND 
THAT THE SIZE OF A 
METEOR TRAIL IS BASED ON 
HOW BIG THE PARTICLE IS. 
BUT WHAT ABOUT THE 
SPEED OF THE OBJECT? AND 
DO CERTAIN MATERIALS 
CAUSE MORE LIGHT THAN 
OTHERS? 
Sunil Paul 
San Francisco 


A: Meteors (the streak of light 
you see) are indeed caused by 
particles that are much smaller 
than most people expect! These 
particles, most of which are 
thought to be a mixture of ice 
and dust, are called meteoroids, 
‘The majority of meteors you see 
are caused by meteoroids only 
as big as a grain of sugar or a 
pea; the very brightest (fire- 
balls) are produced by meteor- 
oids about the size of a golf ball. 

You are right to think that 
speed plays a role in how bright 
the streak of light is. The 
amount of light produced is a 
small fraction of the energy 
produced, which goes as mass 
times velocity squared. Thus, if, 
a meteoroid doubles its mass, it 
will double its brightness, but if 
it doubles its speed, it quadru- 
ples its brightness. We take this 
into account when estimating 
the size or mass of a meteoroid 
from the light it produces — 
knowledge of the meteoroid’s 
speed is very important in this 
calculation 

‘The question of materials is a 
more complicated one. The 
effect on brightness from the 
material is minor compared 
with the energy of the meteor- 
oid; however, it can change the 


color you notice in the meteor. 
Different materials ionizing 
(what happens when the mete- 
oroid burns up) in the atmo- 
sphere can cause a meteor to 
appear in different colors. 
example, ionized oxygen 
appears green, sodium is yellow, 
and magnesium is blue-white. 
Rhiannon Blaauw 
All Points Logistics/ 
NASA Meteoroid Environment Office 
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Q:DO GRAVITATIONAL 
WAVES EXHIBIT SIMILAR 
TRAITS TO WAVES IN THE 
ELECTROMAGNETIC 
SPECTRUM, SUCH AS WAVE- 
PARTICLE DUALITY? 
Glenn Davis 
Telopea, New South Wales, 
Australia 


A: Gravitational waves are rip- 
ples in the fabric of space and 
time that travel at the speed of 
light. The existence of these 
waves, which Einstein pre- 
dicted in his theory of general 
relativity, was announced in 
February by the Advanced 
LIGO Scientific Collaboration. 

One core aspect of quantum 
mechanics, called wave-particle 
duality, holds that every wave 
that is the carrier of a force 
(such as gravity) also is repre- 
sented at the quantum level by 
individual particles that are 
“mediators” of the force. All of 
nature shows this dual wave- 
and particle-like behavior. 
Hence, the hypothetical par- 
ticle called the graviton is 
thought to be the correspond- 
ing particle at the quantum 
level to gravitational waves. It 
is not yet known if gravitons 
exist, but they are predicted in 
speculative theories such as 
string theory, which attempts 
to unify all the forces of phys- 
ics, including gravity, with 
quantum mechanics. 

Because gravitational waves 
travel at the speed of light and 
gravity has an infinite range of 


size, speed, and composition. 1019 iauss 


action (all masses attract each 
other, no matter how far way, 
even as that force drops), this 
means that gravitons ought to 
be massless. 


Jean M. Quashnock 
Professor, Physics and Astronomy, 
Carthage College 


Q: WHY DOES A GRAVITA- 
TIONAL LENS SOMETIMES 
CREATE AN EINSTEIN CROSS 
WITH FOUR IMAGES AND 
SOMETIMES A CIRCLE? 
Bruce Ameismeier 
Chicago 


A: Actually, many possible 
configurations besides an 
Einstein Cross and a circle (also 
known as an Einstein ring) 
exist. The exact configuration 
that would form by gravita- 
tional lensing depends on a few 
things: the gravitational lens, 
the background source, and the 
alignment between them. 

‘An Einstein ring can form if 
a background galaxy is posi- 
tioned exactly behind the cen- 
ter of a gravitational lens. 
When the two are perfectl 
aligned, there is circular sym- 
metry; having no preferred 
angle, the image of the back- 


Meteors can appear brighter and have different colors depen 


\g on their 


ground galaxy will form in all 
the angles, and a circle will 
appear around the gravita- 
tional lens, 

We see four bright images 
(instead of a ring) if the back- 
ground galaxy is not exactly 
behind the center of the lens, 
but slightly off to one side. In 
the special case when the back- 
ground source is point-like 
(usually a quasar — but in the 
fascinating case of the lensed 
SN Refsdal, it was a super- 
nova), we see four star-like 
appearances of the source, and 
the image would be what we 
call an Einstein Cross. 


Keren Sharon 
Assistant Professor, Astronomy, 
University of Michigan 


Send us your 
questions 

Send your astronomy 
questions via email to 
askastro@astronomy.com, 
or write to Ask Astro, 

P.O. Box 1612, Waukesha, 
WI 53187. Be sure to tell us 
your full name and where 
you live. Unfortunately, we 
cannot answer all questions 
submitted. 
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Paint it black 


Most large galaxies harbor a 
supermassive black hole in their 
core. Astronomers are studying 
how these monsters affect their 
host’s evolution. by John Kormendy 


WhatJinks 


alaxies 
bla 


supermassive black holes control how their host g 


ies evolve? Recent research gives a nuanced answer to 


this fundamental question. Beginning in the mid-1990s, 
astronomers came to believe that these objects grew 
together and controlled each other. The reasons were 


and the conclusion seemed to make it easier to under- 


evolution. 
t conclusions often turn out to be oversimplified. Early 
hints a decade ago have now turned into a flood of studies that 


clarify how and when galaxies and black holes affect each other 
— and when they do not. 
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The first inkling 
Supermassi s entered the astronomy lexicon soon 
lifornia Institute of Technology astrono- 
ic radio source 
itude starlike object, 
was not a star at all. Its optical spectrum exhibited an astonishing 
redshift that implied it is receding from Earth at 16 percent the 
speed of light, making it the second-farthest object then known. 
Hundreds more of these “quasars” soon turned up. Many shine 
brighter than whole galaxies. But rapid variations in their bright- 


ness — sometimes in less than a day — imply that the “engine: 


driving these emissions must be smaller than our solar system. 
Although it took years to prove that quasars reside at galaxy 
centers, it was immediately clear that their engines have to be 
extremely efficient. Many spew jets of ionized gas (plasma) 
millions of light-years into space. 

These jets give researchers a way to calculate a lower limit on 
how much energy a quasar emit 
Lynden-Bell first showed that the nuclear reactions that power 
stars could not produce such huge energies without also making 
10 times more energy through gravitational contraction. Evidently, 


. Cambridge astronomer Donald 


gravity powers quasars. After a Darwinian struggle among com- 


ae 
The giant elliptical galaxy at the heart of the radio 
source Hergules A harbors a supermassive black 
hole swallowing material from its surroundings. The 
process shoots jets of ionized gas in opposite directions 
that glow brightly at radio wavelengths (blue) and 
span nearly 1 million light-years. The jets also heat 
the gas surrounding the galaxy f temperatures of 
many millions of degrees, causing it to shine in X-rays 
(purple). orca naswstscpenaenasicn0;AADI-NSFNRAOIVLA 
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peting theories, astronomers settled on supermassive black holes 
that swallow any gas that comes too close. As the gas falls in, it 
speeds up to nearly the speed of light. Friction then heats the gas 
so much that it emits the ferocious radiation we see. 

Indirect evidence for supermassive black holes grew stronger 
from the 1970s to the 1990s. The most compelling observations 
were of many compact knots in galaxy jets that appear to move 
outward at five to 10 times the speed of light. This is an illusion 
that results when a jet points almost directly at us and travels at 
nearly the speed of light. It then looks like the knots move faster 
than they really do because they almost keep up with the light that 
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they emit. Flinging clumps of plasma at close to light-speed essen- 
tially requires a black hole. 

By the 1980s, most astronomers were convinced that accreting 
black holes with masses of millions to billions of Suns powered 
quasars and their weaker cousins, active galactic nuclei (AGNs). 
But there still was no direct evidence that such hefty masses exist 
at galaxy centers. Direct searches for black holes through their 
effects on surrounding stars and gas became a hot topic in the 
1980s. This situation was dangerous: It’s easy to believe you have 
proved what you expected to find. For this reason, scientists set the 
standards of proof very high. 

Starting in 1988, astronomers detected supermassive black 
holes in the Andromeda Galaxy (M31), the Sombrero Galaxy 
(M104), and several other nearby galaxies, Ground-based spectra 
of each of these objects resolved the small volume near the galaxy's 
center where the black hole makes stars move faster than they 
would if they felt only the gravity from other stars. 

Meanwhile, the Pinwheel Galaxy (M33) hinted that at least 
some galaxies — those without a bulge (a dense, spherical collec- 
tion of stars surrounding its center) — contain no supermassive 
black hole. After astronauts fixed the Hubble Space Telescope’s 
optics in 1993, its observations confirmed the ground-based dis- 
coveries. By the early 2000s, Hubble had turned up about 30 dark 
objects in the centers of more distant galaxies. But were any of 
these bodies truly black holes? 

To answer this question, researchers had to rule out alternative 
hypotheses that the central dark objects might be clusters of failed 


John Kormendy, one of the world’s leading experts on galaxies and on 
black holes, is professor of astronomy at the University of Texas in Austin. 
In the late 1980s, he and astronomers Alan Dressler and Douglas Richstone 
were the first to discover supermassive black holes in galaxies 
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A Astronomers first thought that 3C 273 was an 
odd star that emitted radio waves. Starti 

the 1960s, however, they came to understand 
such objects as the active cores of distant 
galaxies powered by supermassive black holes. 
The wavy line to the upper left. 

energy particles fired from the quasar’s central 
engine. esiuss.eanonasn 


~< Amplified microwave emission from water 
molecules in a gaseous disk at the center of 
spiral galaxy M106 helped astronomers prove 
that it contains a black hole with a mass of 

38 million Suns, and not a dense cluster of failed 
or dead stars. ns 


or dead stars. They managed to do so in two high-profile cases. In 
the spiral galaxy M106, astronomers used radio telescopes to dis- 
cover a tiny, central molecular gas disk in which water molecules 
emit amplified microwave radiation. These observations provided 
unprecedented resolution and showed that the central dark object, 
which contains 38 million solar masses, is too small to harbor the 
necessary number of failed or dead stars. 

But our galaxy makes the best black hole case. In 2002, scien- 
tists started observing the motions of individual stars in the core 
and proved that the central 4.3 million-solar-mass dark object 
is too small to be anything other than a black hole. By 2005, 
Hubble observations excluded black hole alternatives for the cen- 
tral object in the Andromeda Galaxy. In this way, astronomers 
grew progressively more certain that they were discovering super- 
massive black holes. 


Do black holes control galaxy evolution? 
A number of results in the 1990s led researchers to the idea that 
supermassive black holes and galaxies grow in lockstep, control- 
ling each other's evolution. It began with the discovery that the 
mass of the central black hole correlates tightly with both the 
luminosity and mass of the host galaxy’s bulge. Although the first 
version of this correlation from 1993 included only seven galaxies, 
the results agree nicely with the best current values for these seven 
plus a host of new galaxies. 
More convincing evidence came with the 2000 discovery that 
a black hole’s mass seemed to correlate even more tightly with the 
typical speeds of stars in the outer, main part of the galaxy. In this 
region, it is the gravity of the galaxy’s stars and not of its black hole 
that controls the objects’ movements. With a larger sample of gal- 
axies and more accurate masses available today, the two relation- 
ships appear to have the same scatter. Astronomers find such 


The black hole-galaxy connection 
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These diagrams compare the mass of a central black hole to the mass of its host galaxy’s bulge (left) and to the random velocities of stars that are in the 
bulge but far enough out so that the black hole doesn’t affect them (right). In both cases, the black hole’s mass correlates tightly for elli 

and for the classical bulges of disk galaxies (those that form quickly during mergers) but not with “pseudobulges” that form slowly out of disks. The 
dotted open circles in the left panel are the seven galaxies from the first published black hole correlation. asracwow aocwxt, ae OH KORMENDY AKO LSHO 


correlations extremely compelling — they suggest that the two 
phenomena influence each other. 
Meanwhile, several astronomers had pointed out that it takes 
a lot more energy to gravitationally bind the central black hole 
than to bind the host galaxy. Could some of the energy radiated 
away during the black hole’s growth affect galaxy formation? The 
radio lobes and jets seen in radio galaxies such as Hercules A (see 
p. 46-47) show how the central engines in AGNs can deliver energy 
to the hundred-million-degree gas that fills the galaxy’s host cluster. 
If the gas that goes into forming the galaxy absorbs only a tiny 
fraction of the energy produced as the quasar’s black hole feeds, 
then that gas can reach temperatures too high for star formation. 


The Pinwheel Galaxy (M33) in Triangulum is the thi 
of our Local Group. It has a disk but no bulge, and it does not harbor a 
supermassive black hole 
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In some cases, the gas can get blown completely away. No leap of 
the imagination is required to guess that black holes might, in this 
way, control galaxy evolution. Astronomers also observe that the 
history of quasar activity in the universe parallels the history of 
star formation. This adds icing to a beguiling cake. 

‘The idea that black holes control galaxy formation proved a 
welcome addition for scientists who develop computer simulations 
of how galaxies form. It is now straightforward to model how den- 
sity fluctuations in dark matter — the still-mysterious stuff that 
gives off no light and interacts with normal matter only through 
gravity — grew from tiny perturbations in the early universe into 
today’s galaxy halos. But modeling how atoms make visible galax- 
ies inside these halos requires extra energy beyond what they can 
get from gravitational collapse. AGN feedback looked like the ideal 
solution. This simple picture in which black holes and their host 
galaxies control each other's evolution dominated astronomers’ 
work from the mid-1990s until about 2010. 


Not the final answer 
Spiral galaxy M33 provided the first hint that this scenario is over- 
simplified. As the third-biggest galaxy in our Local Group, M33 
was a natural target for black hole searches. It is a pure-disk galaxy 
— it does not contain a bulge. In the mid-1990s, I showed that if it 
harbors a central black hole, that object cannot be as massive in 
proportion to the galaxy’s disk mass as bulge black holes are in 
proportion to their host bulges. By 2001, two independent groups 
used Hubble to show that M33 can't have a black hole much more 
massive than a paltry 1,500 Suns. In contrast, other galaxies hav- 
ing disks with the same mass as the one in M33 but with giant 
bulges contain black holes as massive as one billion Suns. 

In general, the mass of a central black hole does not correlate 
with the mass of the host galaxy’s disk, even when it does correlate 
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The mass of a central black hole doesn’t bear much relationship to the 
infrared luminosity of its host galaxy’s disk (which is approximately 
proportional to the disk’s mass). Although there's a hint that the smallest 
blackholes live in the tiniest disks, which would have the least amount 

of fuel to feed a black hole, there is no tight correlation, which suggests 
blackholes influence disk evolution. The labels highlight two well-known 
bulgeless galaxies. ssrovow:noevxeuy.arreRoHN KORA ANOLISHO 


with the mass of the galaxy’s bulge. From this, astronomers con- 
clude that black holes do not affect disk growth. Instead, they 
affect — or coevolve with — only the bulge components of their 
host galaxies. 

M33 is unusual because it does not harbor a supermassive black 
hole. Many disk galaxies — including those that have no bulge — 
do contain black holes, though they do not influence disk evolu- 
tion. One of the best examples is the low-surface-brightness spiral 
NGC 4395 in Canes Venatici. This galaxy has a well-defined disk 
of spiral arms and no bulge. It also contains the smallest super- 
massive black hole astronomers have been able to measure reliably. 
Ina tiny galaxy with a gentle formation history and little gas to act 
as fuel, it’s not surprising that NGC 4395's black hole has grown 
slowly and reached a mass of only 360,000 Suns. Despite the black 
hole’s small size, it does generate a faint AGN. 

A group of researchers led by Luis Ho of the Kavli Institute for 
Astronomy and Astrophysics at Peking University, Jenny Greene 
at Princeton University in New Jersey, and Aaron Barth of the 
University of California, Irvine, has shown that such black holes 
are common. They conclude that classical bulges are not necessary 
to create central black holes. 

Black holes in bulgeless disks are the least-evolved versions of 
the black hole seeds that grew into the monsters we see in giant 
bulges. The best current theory is that they got their start when the 
universe's first stars died, and some of them left behind fairly 
high-mass black holes. Subsequently, tens or hundreds of such 
black holes merged as protogalactic fragments collided, joined 
with one another, and eventually grew into today’s galaxies. (For 
more details on how black holes form, see “Why are there so many 
black holes?” in the August 2016 Astronomy.) 
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The case for pseudobulges 

A more-nuanced analysis of galaxies helps astronomers better 
understand how black holes and their galaxy hosts coevolve, or not. 
Ifa black hole lies at the center of an elliptical galaxy or the classi- 
cal bulge of a disk galaxy, its mass correlates tightly with that of its 
host. The Andromeda Galaxy and M81 both have classical bulges. 

But recent research has led astronomers to realize that some 
disk galaxies possess a kind of dense center created by a different 
mechanism. Galaxy mergers make classical bulges and ellipticals. 
But isolated disks can evolve, too, and they can grow high-density 
centers that until recently researchers often confused with classical 
bulges. Astronomers call them “pseudobulges” — fake bulges that 
develop slowly out of disks and not rapidly via mergers. 

‘Two other galaxies provide good examples. In the barred spiral 
NGC 1300, the dark dust lane in the bar lies on the leading edge of 
the galaxy’s rotation. The lanes mark the sites where gas flows 
toward the center and fuels star formation there, which grows the 
pseudobulge. NGC 3945 shows a mature version of this evolution. 
Here, disk gas has formed an outer ring but little gas remains in the 
inner parts of the galaxy, so the pseudobulge has stopped growing. 

Pseudobulges form differently from classical bulges, and they 
behave differently, too. The diagrams on p. 49 show this clearly. 
‘The blue dots representing pseudobulges scatter widely, showing 
that black holes correlate tightly only with the old merger remnants 
of elliptical galaxies (orange dots) and classical bulges (red dots). 


Supermassive black holes and their hosts 
‘These and other galaxy properties give astronomers a new pic- 
ture of how supermassive black holes and their host galaxies do 
and do not control each other's evolution. Based on new observa- 
tions, Luis Ho and I have concluded that such coevolution takes 
three main forms. 

First, disk galaxies without classical bulges can contain black 
holes, but they don’t accrete much gas and thus grow slowly. Any 
resulting AGN activity puts out too little energy to affect the host 
galaxy. While the galaxy controls black hole feeding, the black hole 


The small, low-surface- galaxy NGC 4395 in Canes Venati 
lacks a bulge. still it holds a 360,000-solar-mass black hole that powers a 
faint active galactic nucleus (visible as a blue dot at the galaxy's center). 
(M33, a much bigger disk galaxy without a bulge, does not con 

hole more massive than 1,500 Suns. Astronomers see no signs 

black holes in pure-disk galaxies affect disk evolution. 


The disk galaxies NGC 1300 (left) and NGC 3945 (right) both contain pseudobulges. In NGC 1300, material funnels into the core where new stars form and 
the pseudobulge grows. NGC 3945 is further along in its evolution. An outer gaseous ring surrounds a core region with negligible gas and a fully formed 
pseudobulge. Astronomers can recognize pseudobulges because they tend to appear less spherical than classical bulges. For example, although the 
bright center in NGC 3945 may resemble a small elliptical galaxy, it looks as flat as the outer ring. wsc 100:nasw/sA/Ts€ HuRBLe HenITAGE TEAM SSC/AURA?- C394: DAVID 


does not control galaxy evolution. In the nearby universe, most 
supermassive black holes fall into this category. 

Second, AGN energy feedback helps to establish the tight cor- 
relation between black holes and their hosts during the mergers 
that make classical bulges and similarly low-luminosity ellipticals. 
These mergers are what astronomers call “wet” — the progenitor 
galaxies contain cold gas, and that gas falls to the center of the 
remnant during the merger, feeds enormous starbursts, and builds 
the high densities seen in classical bulges and ellipticals. The lion’s 
share of such mergers happened during the quasar heyday when 
the universe was 2 billion to 6 billion years old. 

In the local universe, ultraluminous infrared galaxies like 
Arp 220 are the prototypes for this process. The properties of such 
galaxies are just right to form ordinary, low-luminosity ellipticals 
once the starburst is finished. Astronomers don’t know for sure 
what clears the galaxy of its residual gas, but our best guess is that 
energy feedback from the starburst starts to blow away the leftover 
gas and AGN feedback finishes the process. In this way, we believe 
that black holes help to control galaxy formation by 
helping to stop its late stages. 

Third, giant elliptical galaxies have lower-density 


centers and differ in other ways from their smaller ° Galaxy NGC 1275 si 

cousins. The only galaxies massive enough to create BNE center of the massive Perseus 
these behemoths are the ellipticals mentioned ‘Gusta’ of galaxias. The fils 
above, which must merge themselves. So, it is only esrteiat bailed 

a z Be So, it is only visible light (at far left, 
natural that the giants inherit the black hole-host J above) represent cool gas 
galaxy correlations from their progenitors. After 4 suspended by magnetic 


the mergers, AGN feedback stops galaxy formation fields; hot gas shows ina 
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Both the Milky Way Galaxy (above, seen in infrared light with the Cosmic 
Background Explorer satellite) and its close analog, NGC 4565 (top, seen in 
visible light), possess boxy pseudobulges. In each case, the pseudobulgi 

a bar viewed nearly end-on. Dust hides a second, flatter pseudobulge that 
is disk-shaped and actively forms stars. In galaxies like these, there is no 
evidence that a central black hole affects galaxy evolution. ro»: sow mocxounr 


the hot gas strips away the cold gas and heats it into more hot gas. 
Any subsequent merger will be “dry” — it will involve negligible 
cold gas and star formation. 

What keeps the hot gas hot? This question puzzled astrono- 
mers throughout the 1990s, because hot gas naturally cools, and 
calculations showed that many hot-gas halos would cool far faster 
than observations suggested. But thanks to orbiting X-ray tele- 
scopes that can measure the temperature profiles of these halos, 
we now know that the gas doesn’t cool much. 

The Perseus Cluster is a typical case. NGC 1275, the cluster's 
brightest galaxy and a strong AGN, fires radio jets into its sur- 
roundings that help create a halo of hot gas that glows brightly in 
X-rays, Although scientists don’t yet know exactly how the AGN 
heats the gas, they know it plays a key role in the process. Most of 
the cluster’s ordinary matter is in the form of hot gas, and thus 
unable to make new stars, and likely will remain so for a long time. 

Where does the Milky Way fit in? Our galaxy contains a pseudo- 
bulge, a boxy structure akin to the one in the similar Needle 
Galaxy (NGC 4565). Astronomers now know that such structures 
are not really bulges — they are bars seen almost end-on. They 
are one kind of pseudobulge. The Milky Way thus contains our 
best case of a central supermassive black hole, one with a mass of 
4.3 million Suns, that shows no sign of having affected the evolu- 
tion of its host galaxy beyond the inner few hundred light-years. 


A mature picture of coevolution 

My theme has been the confluence of two major research move- 
ments in astronomy. For decades, hundreds of astronomers stud- 
ied quasars and other AGNs and concluded that their engines are 
supermassive black holes that produce prodigious energies when 
they swallow stars and gas. Hundreds of mostly different astrono- 
mers studied galaxy structure and came to understand, in a gen- 
eral way at least, how various kinds of galaxies evolved. For many 
years, these movements proceeded independently. 
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Now, the realization that supermassive black holes and galaxies 
sometimes, though not always, influence each other’s evolution 
has merged these two subjects into one. AGNs cannot be under- 
stood completely without also understanding galaxy evolution, 
and galaxy evolution cannot be understood completely without 
understanding how AGNs affect it. 

Many observed details of galaxy structure — including the dis- 
tinctions between the two kinds of bulgelike components and the 
differences between ordinary and giant ellipticals — suddenly 
make sense within the new AGN story. When so many details 
in our comprehension get connected with conceptual “bonds of 
steel,” then our picture of AGNs and galaxy evolution gets much 
more reliable, This is a sign of the growing maturity of the subject. 
Well understood, mature subjects, such as the evolution of stars, 
went through the same transition from isolated cottage industries 
to multiconnected theories. 

It reminds me of a quote from John Muir, published in 1911 in 
My First Summer in the Sierra: “When we try to pick out anything 
by itself, we find it hitched to everything else in the Universe. 


The prominent loops and shells in Arp 220 are signatures of a “wet” merger 
of two disk galaxies. Gas from both progenitors is concentrated near the 
center where it feeds one of the most vigorous starbursts in the nearby 


universe. In this visible-light image, dust blocks our view of Arp 220's center. 


But the dust absorbs light from the young stars and reradiates it at infrared 
wavelengths, making this an ultraluminous infrared galaxy. Wet mergers 
create low-luminosity elliptical galaxies after star formation has finished. 


MASTERY 


By specializing in lenses, mirrors, 


and drives, three California 
companies have risen to the top. 
text and photos by Tony Hallas 


J he foothills of the 
Northern Sierra are 
famous for natural 
beauty, clean air, 
clear water, and rel- 

atively dark skies. But they also 

have one more not-so-obvious 
feature: They are the haunt of 

wizards! Within a 60-mile (100 

kilometers) radius, we find Vic 

Maris of Stellarvue in Auburn, 

Tom Osypowski of Equatorial 

Platforms in Nevada City, and 

John Lightholder of Lightholder 

Optics in Meyers, near Lake 

Tahoe. These wizards of lenses, 

drives, and mirrors create some 

of the best products available 
today for amateur astronomers. 

Stellarvue refractors are 
state-of-the-art telescopes, and 
their designers have frequently 
rolled out new features. 

Equatorial Platforms builds, in 
my opinion, the best all-metal 
platforms in the world and pro- 
duces the all-metal SlipStream 

Telescopes featuring go-to 
drives with manual slew, ensur- 
ing you don't lose your place in 
the sky. Lightholder Optics 
crafts the finest astronomy mir- 
rors for Newtonian reflectors. I 
visited each of the wizards to 
learn more about how they got 
started and why they pursued 
these particular endeavors. 


Phase Shifting laser: 
of the highest qui 


Vic Maris has been interested 
in the night sky “since I can 
remember,” he says. At just 14 
years old, he built his first tele- 
scope — including grinding the 
mirror — which was a 4.5-inch 
reflector. From there he pro- 
gressed to M4- and 16-inch 


Meet astronomy’s 


terferometer helps Vic Mi 
ity. 


reflectors, but he soon turned 
his attention to refractors. Maris 
was “really into planets,” he 
says, and craved the sharpness 
and contrast that a refrac- 

tor could provide. So, at the 
still-young age of 16, he built a 
5-inch refractor, and he's made 
telescopes with lenses ever since. 


president of Stellarvue, ensure each lens the 


By vocation, Maris served as 
a park ranger for 30 years and 
spent many nights guiding visi- 
tors to the stars. He also 
trained other rangers to do the 
same, When he retired, his old 
love of making refractors called 
to him again, and he made a 
few more in his garage and sold 
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‘Tom Osypowski, founder and pr 


them to friends. They proved to 
be such successes that he 
started a small business, which 
quickly grew to include com- 
mercial buildings and an 
expanded product line. 

Today, Stellarvue uses a 
state-of-the-art Zygo Verifire 
Phase Shifting laser interferom- 
eter to check each optic manu- 
factured at its facility. Constant 
innovation combined with 
cutting-edge procedures results 
in superior products with a 
guaranteed Streh ratio (a mea- 
sure of the quality of the image 
produced) between 0.95 and 
0.99 —as good as it gets. 

Maris mused on the ama- 
teur market, noting that mod- 
ern refractors work well with 
CCD and DSLR cameras, are 
portable, and contain just 
what they need to without 
extraneous bells and whistles. 
Owners seldom experience any 
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ident of Equatorial Platforms, is 
known for his company’s tracking platforms, like the one he’s assembling here. 


idely 


alignment issues, and the coat- 
ings Stellarvue puts on each 
optical surface guarantees 
maximum contrast and sharp- 
ness. Visit www.stellarvue.com 
to check them out for yourself. 


The drives wizard 

A little more than half an 
hour north on State Route 49, 
we find the second wizard, 
‘Tom Osypowski of Equatorial 
Platforms. Like Maris, 
Osypowski had a great interest 
in the night sky in his youth. 
In 1983, he built a 16-inch f/5 
Dobsonian-mounted reflector. 
‘There was only one problem: 
It didn’t track. 

Osypowski comes from a 
trade background specializing 
in home repairs and upgrades, 
so he was fluent in woodwork- 
ing and also working with 
metal. After reading a few arti- 
cles about building platforms 


“wizards” featured in this story 


picturesque setting in Northern 


for telescopes, he set about cre- 
ating and refining his own. 
Over the years, this project 
developed into his producing 
metal platforms that he assem- 
bles individually in his shop in 
Nevada City. All parts are made 
by local machinists and welders. 

‘The current platforms will 
track for 80 minutes and can 
turn an alt-azimuth telescope 
into an imaging telescope with- 
out the need for an image de- 
rotator. Ordinarily, an 
alt-azimuth scope used for pho- 
tography needs such a device so 
the image doesn't turn as Earth 
does. Osypowski has been 
making platforms commer- 
cially for more than 20 years, 
and it all started because he 
wanted to make a Dobsonian 
that could track. 

Until recently, all 
Dobsonian-mounted telescopes 
were made from wood. But at 


ifornia. ssrxawawr to rono 


the Oregon Star Party one year, 
Osypowski saw the drive sys- 
tem being perfected by Dan 
Gray of Sidereal Technologies 
It was capable of driving a 
Dobsonian in both altitude and 
azimuth with the use of slip 
clutches, which help the drive 
move more weight. Osypowski 
immediately saw the opportu- 
nity to create a Dobsonian 
made exclusively from metal. 

Before this advance, all 
“driven Dobs” were being pro- 
pelled by lines wrapped around 
a pulley. That works fine for 
wooden Dobs, but what set the 
new design apart from all oth- 
ers was the ability to manually 
push the telescope around the 
sky while it is still being driven. 
It did not lose its place. The 
SlipStream line of telescopes 
was born. 

One of the most amazing 
SlipStream telescopes to come 


out of Osypowski’s shop was a 
32-inch f/2.8. Yes, you read 
that correctly. Mike Lockwood 
of Lockwood Custom Optics 
in Philo, Illinois, made the 
mirror. He also made a special, 
huge, waffle-design secondary 
mirror to intercept such a wide 
light beam. I had the good for- 
tune to look through this 
instrument, and I found the 
optics and telescope as first 
rate with pinpoint stars, The 
telescope is documented on 
Osypowski’s website. 

In regard to the avocation in 
general, Osypowski believes 
equipment is becoming more 
electronic and automatic. The 
young especially are more com- 
puter literate and smartphone 
savvy. “Someday, smartphones 
will control all aspects of your 
telescope’s performance,” he 
said, You can find his products 
and reviews of them at 
wwweequatorialplatforms.com. 


The mirror wizard 
To reach the third wizard 
required climbing up into 

the Sierra to almost 6,500 

feet (1,980 meters). Perched 
near Lake Tahoe in the 

town of Meyers, California, 

is Lightholder Optics. John 
Lightholder works out of his 
garage. That was the first sur- 
prise for me. The second is that 
he has made all the equipment 
that he uses to manufacture 
mirrors. What was no surprise 
after talking with Lightholder 
is that he is brilliant in math 
and science and loves optics. 

Tearned a lot about what 
goes into a truly superb mirror 
and why they can't be mass 
produced. Making optics 
requires patience and time. It 
requires total control of all fac- 
tors that influence the final 
figure of the mirror. How exact 
do these parameters have to be 
to make a 4-wave mirror 
(which he would consider 
unacceptable)? 

Imagine that you have a 
simple 8-inch mirror that is 1 
inch thick. Now enlarge that 
mirror until it’s a mile (1.6km) 


wide and more than 600 feet 
(183m) thick. If you flip an 
ordinary playing card onto the 
mirror, you've created a %-wave 
error. 

Lightholder routinely pro- 
duces mirrors with an accuracy 
of 1/10th wave with an 
extremely smooth optical fig- 
ure and polish. He tends to 
understate the specifications of 
his mirrors to make sure that 
less accurate outside testing 
will verify his numbers. Quite 
often his mirrors are of such 
quality that the testing equip- 
ment isn’t sensitive enough to 
give an accurate reading. 

Amateur astronomers know 
they will see more with a mir- 
ror like this than with a mass- 
produced mirror. I have a 
Lightholder 24-inch {/3.85 
mirror. One morning last fall, I 
got up early while staying at 
Likely Place Golf & RV Resort, 
my dark-sky observing site. I 
looked at the Trapezium in the 
Orion Nebula (M42) with a 
high-quality eyepiece and 
counted 14 protostars embed- 
ded in the immediate nebulos- 
ity surrounding it, I had never 
seen this much detail before. 

Another eye opener was the 
Deer Lick Group (NGC 7331 
Group) in Pegasus. Instead of 
seeing just the bright inner core, 
I saw the entire main galaxy, 
NGC 7331, the way it looks in a 
photograph. And when I 
observed the galaxy cluster 
Abell 2151 in Hercules, no less 
than 10 of its members displayed 
their morphologies. Guests at 
my telescope remark that the 
views are better than even those 
they have seen through scopes 
with larger mirrors. 

Lightholder is a perfection- 
ist. He has made 350 mirrors 
professionally over 20 years, 
each handcrafted to the highest 
standards. Asked what makes a 
good optician, he replied, 
“Someone who is extremely 
detail oriented and patient.” 

As firatios get faster, it takes 
longer to make mirrors to a 
high level of quality. For exam- 
ple, to create an f/5 mirror 


John Lightholder is justi 


requires one week of polishing 
and figuring, For an f/4, you're 
looking at two to three weeks. 
Making an f/3.3 requires six to 
seven weeks. Lightholder limits 
his mirror size to 24 inches (61 
centimeters) because that’s all 
he can safely lift by himself. 

When I asked him about the 
future, Lightholder lamented 
that blanks are getting more 
expensive. Prices are going to 
have to go up just to cover costs 
and labor, 

‘A few years ago, about a 
dozen mirrors from “famous 
mirror makers” were tested in 
Europe. The Europeans are 
fanatics about mirror quality 
and routinely test them using 
professional methods. All the 
mirrors were acceptable, but 
one stood out from the crowd 


bly pleased after creating this 24-inch f/3 mirror. 


and amazed the testers with its 
level of perfection. It was the 
mirror that Lightholder made 
in his garage. 

Visit Lightholder’s website at 
wwwlightholderoptics.com. 


The wizardry 

goes on 

For all of us who love the night 
sky, we are fortunate to have 
the wizards of the foothills 
making such fine equipment to 
augment our avocation. Their 
Jove for what they do, and their 
remarkable levels of achieve- 
ment, should be an inspiration 
for all of us. » 


Tony Hallas is a contributing edi- 
tor of Astronomy, an equipment 
guru, and one of the world's great 
astroimagers. 
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” The skyis filled with ol 
Soverahugerangeof 
brightness. The brightest 
” star, Sirius, is roughly 4,000 
times brighter than the 
faintest star visible tothe 
naked 


HOW 


magnitude system anyway? 


any observers (me included) pride 
themselves in knowing the bright- 
nesses of numerous celestial objects. 
That measurement, after all, is one 
of the basic tools of our science and 
our hobby. But how many of us know the story of 
the magnitude system? 
Let’s dwell a bit and detail how the system 

developed, explain the different kinds of magni- 

tudes, and provide a couple of nice tools you can 

use to deal with them, 


The Greek astronomer Hipparchus, who lived 
in the second century B.c., was the first person 
to write extensively about stars of different 
brightnesses, He divided them into six ranges, 
which he called magnitudes. He classified the 
brightest as stars of the Ist magnitude and 
the faintest as stars of the 6th magnitude. 
Astronomers have used his system, almost 
unchanged, for almost 2,200 y 
Hipparchus produced a list of about 
850 stars for a catalog he compiled. That 
catalog no longer exists, but Greek phi- 
losopher Ptolemy incorporated all the 
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by Michael E. Bakich 


entries into books VII and VIII of his massive work, the 
Almagest. In the second century, Ptolemy expanded the 
catalog to 1,022 stars, but retained the six magnitude 
ranges Hipparchus had created. 

Fifteen centuries later, Galileo Galilei pointed an 
“optic tube” that he had built toward the sky. In addi- 
tion to discovering irregularities on the Moon's face, 
that Venus goes through phases, and that four moons, 
orbit Jupiter and not Earth, he noticed something about 
his telescope. It didn't simply magnify objects — it liter- 
ally revealed the invisible. 

Writing in the Sidereus Nuncius (Starry Messenger) 
in 1610, Galileo stated, “Indeed, with the glass you will 
detect below stars of the sixth magnitude such a crowd 
of others that escape natural sight that it is hardly 
believable.” Then the great scientist coined a term that 
no one had used before. He called the brightest of the 
stars below naked-eye visibility “seventh magnitude.” 

As telescopes got bigger, astronomers decided it was 
time to expand the magnitude system. A multitude of 
stars fainter than those listed as 6th magnitude by 
Hipparchus were now visible. And there was a problem 


Michael E. Bakich is a senior editor of Astronomy. His new 
book, Your Guide to the 2017 Total Solar Eclipse (Springer, 
2016), is out now. Order it at www.myscienceshop.com. 


com 57 


STRONOM' 


Apparent brightnesses 
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Blue-white B6 star 
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BETELGEUSE 
Magnitude 0.5 
Reddish orange M2 star 


Stars of different real brightnesses can appear to be the same brightness in our sky, as with 


Achernar and Betelgeuse, which both s! 


e at magnitude 0.5. Achernar, the brightest sta 


Eridanus, lies some 140 light-years away. Betelgeuse, the ruddy supergiant in Orion, is nearly 
five times more distant and intrinsically much brighter. asrrovown: rome xe 


HOW BRIGHT IS THE 
NIGHT SKY? 


Astronomers measure sky brightness in 
terms of magnitudes per square arcsecond. 
In the 1980s, Cerro Tololo Inter-American 
Observatory in Chile measured night sky 
brightness through three filters 
throughout the lunar cycle, Because 

the observatory lies far from light 
pollution, the values should be reasonable 
approximations for other dark sites. 


Lunar age (days) Blue Visual Red 
0 (New Moon) 227° 218 209 
3 224 217 20.8 
7 (First Quarter) 21.6 214 20.6 
10 207 207 20.3 
14 (Full Moon) 195 20.0 19.9 


The biggest difference was through the 
blue filter because our atmosphere 
scatters blue light the most. The study 
showed at Full Moon the sky is a whopping 
3.2 magnitudes brighter in blue light but 
only one magnitude brighter in red. Our 
eyes fall in the middle, seeing a rough 
brightening of about two magnitudes. 


on the other end of the scale as well. The 
stars designated Ist magnitude varied 
greatly in brightness. Some, like Sirius 
(Alpha [a] Canis Majoris), dramatically 
outshone others like Spica (Alpha Virginis). 
And what if astronomers wanted to assign 
magnitudes to the planets? Or the Moon? 
Or — would it be possible — the Sun? 

By the late 1700s, astronomers were 
using an informal system in which stars 
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that differed by one magnitude had a 
brightness difference of about two and a 
half, Researchers and amateurs used that 
loose definition for some 70 years. 

But during this time, how were they 
determining the numbers to assign as mag- 
nitudes? In 1851, English astronomer 
William R. Dawes demonstrated one way. 
He used a wedge of varying optical density 
that he moved across the field of view of 
his eyepiece. He noted the point where a 
star would disappear and could then deter- 
mine its brightness. 

Around the same time, other astrono- 
mers were developing the concept of using 
magnitudes less than 1, but they did leave 
certain aspects of the original system 
intact. For example, Hipparchus had quan- 
tified the general limiting magnitude of the 
human eye as 6th magnitude, and that 
rough estimate has endured. 


Doing the math 

In 1856, another English astronomer, 
Norman R. Pogson, realized that astrono- 
mers considered a Ist-magnitude star about 
100 times brighter than a 6th-magnitude 
one. He therefore suggested standard- 
izing that relationship. The ratio between 
magnitudes thus became the fifth root of 
100, or 2.5118865, a number now known as 
Pogson's ratio, 

Ever since, astronomers recognize that a 
star of a certain magnitude is 2.5118865 
times brighter than a star one magnitude 
fainter. The rest of us round off to 2.! 
which is plenty accurate. Pogson had 
defined a logarithmic scale. 

The scale was also convenient because 
19th-century researchers studying vision 
thought the eye sensed differences in 


THE SUN 


brightness on a logarithmic basis: Our eyes 
perceive equal ratios of intensity as equal 
intervals of brightness. 

Today, we know the eye is not quite a 
logarithmic detector. So a Sth-magnitude 
star doesn’t appear to the eye to be exactly 
halfway in brightness between 4th- and 
6th-magnitude stars. Close, but not exactly. 

Because a one-magnitude difference 
equals the fifth root of 100, a difference of 
five magnitudes equals a hundredfold dif- 
ference in brightness. To see a real-life 
example, step outside one night this winter 
and find the brightest nighttime star, 
Sirius, the Dog Star, in the constellation 
Canis Major the Great Dog. This luminary 
shines at magnitude -1.47. Then look 40° 
north-northeast for Wasat (Delta [8] 
Geminorum). It glows at magnitude 3.53, 


COMET IKEYA-SEKI AT MAXIMUM 
BRIGHTNESS -10 


4 
SUPERNOVA 1006 ~7.5 


‘e. 
Fi 


gps 


7 THE FULL MOON ~12.7 


VENUS AT MAXIMUM BRIGHTNESS ~4.9 


which makes it exactly five magnitudes — 
or 100 times — fainter than Sirius. 

Finding how much brighter one object 
is than another certainly is useful, espe- 
cially for those of us who write about 
observing, But there are times when you 
might want to add magnitudes, like when 
you know the brightnesses of both compo- 
nents in a double star system and you want 
the total magnitude, or when two planets 
or a planet and a star are scheduled for a 
close approach. 

Fortunately, Astronomy readers don't 
shy away from a tiny bit of math, To add 
magnitudes, use this formula: 

m, =m, ~ 2.5log(10x + 1) 

Where m_ is the combined magnitude 
and m, and m,are the magnitudes of the 
objects, and x = 0.4(m, - m,). 


Types of magnitudes 
When we look at a star, we see its apparent 
magnitude (usually just called magnitude), 
or how bright it appears to us. But that tells 
us nothing about its real brightness. Our 
eyes or telescopes can’t tell us how big the 
star is, how hot it is, or how far away it is. 
Astronomers must figure out these attri- 
butes in other way: 
An absolute magnitude exists whereby 
we can compare objects to one another 
directly. The absolute magnitude, also 
called the luminosity, of a star is the 
brightness it would appear from a distance 
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of 10 parsecs (32.6 light-years). This is a 
valuable number because it tells astrono- 
mers a lot more about how stars relate to 
each other than apparent magnitude does. 

Now when astronomers list the magni- 
tude of an extended celestial object — such 
a. comet, nebula, or galaxy 
late its integrated magnitude: the bright- 
ness it would have if ll its light originated 
from one point. 

Astronomers have assigned to comets 
and asteroids a different absolute magni- 
tude system (because it also makes no 
sense to imagine them 32.6 light-years 
away). The value for those objects is the 
brightness each would have to a theoretical 
observer standing on the Sun if the object 
were 1 astronomical unit away. (An astro- 
nomical unit is the Earth-Sun distance.) 

‘Then there are meteors. Believe it or 
not, it’s easier to estimate the magnitude of 
a faint meteor than a fireball. Numerous 
compa st in the 0-6 magni- 
tude range. The opposite is true for nega- 
tive magnitudes. Experienced meteor 
watchers use Jupiter, Venus, and phases of 
the Moon to help in their estimates. 

Within the apparent/absolute divisions, 
magnitudes in different wavelengths are 
possible. Blue magnitude, a remnant of 
blue-sensitive photographic emulsions, is 
one; red is another. Astronomers even 
measure magnitudes in invisible light — 
ultraviolet and infrared. 


— they caleu- 


JUPITER AND MARS AT 
MAXIMUM BRIGHTNESS 


son stars ex: 


SIRIUS, THE BRIGHTEST STAR IN THE 
NIGHT SKY -1.5 


‘The constellation Ursa Minor and its Little 
Dipper asterism offer a great area to compare 
naked-eye magnitudes. The dipper's seven stars 
range from Polaris, at magnitude 2.0, to Eta (n), 
Ursae Minoris, at magnitude 5.0. (In the photo, 
magnitudes are given without a décimal point 
to avoid confusion with stars.) roxy iaiias 


Polaris (a) 
20 


ETA CARINAE AT MAXIMUM 
BRIGHTNESS, 1843 -0.8 


VEGA, CHOSEN AS “ZERO 
POINT” 0.0 


Kochab (8) 
21 


HOW TO CALCULATE 
BRIGHTNESS 
DIFFERENCES 


DIFF. 


MAG. 


MAG. _DIFF. 


3,981 
09 23 10 70,000 

1 25 125 100,000 
15 4 5 T million 

2 63 175 10million 
25 10 20 100 million 
3 159 


The first column lists the difference in 
magnitude. The second column shows by 
how much the brighter one outshines the 
fainter. you need a value not listed, find 
the difference in magnitudes, Then 
multiply the two brightness differences, 

For example, to find how much 
brighter Antares (Alpha Scorpil) at 
magnitude 1.2 is than Ras Algethi (Alpha 
Herculis) at magnitude 3.5, calculate the 
difference between the values (2.3). Then 
multiply the brightness differences of 6.3 
(for a magnitude difference of 2) and 1.3 
(for a magnitude difference of 0.3). You'll 
find that Antares is 6.3 x 1.3 =8.19 times 
as bright as Ras Algethi 


Another thing you may see that's related 
to magnitudes is color index. To determine 
this, researchers compare the magnitudes 
ofa star through two different filters. 

‘The most widely used color index in 
astronomy comes when you subtract a 
star's visual magnitude from its blue mag- 
nitude, often written as B-V. When this 
value is large, the star is red, and when it’s 
small or negative, the star is blue. The 
working range of color indices for stars is 
about -0.5 to 2.5. 


Estimating limiting 
magnitude 

When you're out observing, you should 
always estimate your site’s limiting magni- 
tude. This does three things: First, it rein- 
forces the quality of the sky. Second, it 
gives you a way to compare your observa- 
tions with others for months or years, 
assuming you keep an observing log. And 
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MINOR PLANET VESTA AT ITS 
BRIGHTEST 


third, as you make more estimates, you'll 
become a better observer, more conscious 
of little details. 

Most limiting magnitude estimates are 
done by eye. Some observers have used a 
telescope, but only for special observations 
or those of really faint stuff. 

Through the years, amateur astrono- 
mers have estimated limiting magnitudes 
in three ways. Today, most values come 
from observations of stars near the zenith. 
This region lies farthest from any light pol- 
lution, and you're also looking through the 
least amount of atmosphere. 

Some older observers still use a system 
called the North Polar Sequence. As its 
name suggests, you simply look at stars 
near Polaris and determine the faintest one 
you can see. 

‘The third technique is rare, but it’s more 
accurate than the other two for a specific 
task. Let’s say you're studying an object far 


THE PINWHEEL GALAXY (M33) 5.7 


from both the zenith and Polaris. It may 
benefit you to estimate the magnitude limit 
near the object. If you do, take our atmo- 
sphere out of the mix by making your esti- 
mate at the same altitude as your target. 


A final thought 


Observers take magnitudes into account 
in a variety of ways, from determining 
their telescope’s cutoff limit to deciding 

if'a certain object is worth spending time 
on, When you're with a beginner, however, 
remember to point out that magnitudes are 
counterintuitive. The smaller the number, 
the brighter the object. m 


1, AVERAGE FAINTEST STAR UNDER GOOD SKY 6.5 
2. EXTREME NAKED-EYE LIMIT 7.5 
3. FAINTEST OBJECTS VISIBLE IN 7X50 BINOCULARS 9.5 


FAINTEST OBJECTS IN VISIBLE LIGHT WITH HUBBLE 
DWARF PLANET ERIS AT OPPOSITION 18.7 SPACE TELESCOPE 
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OBSERVINGBASICS 


BY GLENN CHAPLE 


Sweet autumn 


binaries 


Observe some treats from the Struve catalog. 


"ve been a double star 
fanatic since an August 
evening in 1963 when a 
high school friend showed 
me Mizar (Zeta [C] Ursae 

‘Majoris) with his 2.5-inch 

Gilbert reflector. During the 

1970s, I hunted down double, 

triple, and multiple stars relent- 

lessly, notching as many as I 

could through a 3-inch reflec- 

tor. In all, I managed to split, 
then sketch and record ina 
logbook, nearly 1,500 pairs. 

German-born Russian 
astronomer Wilhelm Struve 
cataloged most of these during 
a survey he conducted in the 
mid-1820s. | decided to copy 
the data for his entire catalog. I 
culled Struve pairs from a copy 
of the Lick Observatory Double 
Star Catalog and penciled it 
onto 5-by-8-inch lined file 
cards — 100 pairs for every 
three cards, or nearly 100 cards 
in all. Whew! 

In my November 2014 col- 
umn (“Struve’s stars”), intro- 
duced this catalog and its first 
10 entries. By popular demand, 
I've decided to continue with 
Struve (abbreviated 3) 11 
through 20. And although 
these stars have different decli- 
nations, they all lie within a 
6-arcminute-wide band of right 
ascension. ‘The data comes 
from the Washington Double 
Star Catalog (WDS). 


Pa 
A relatively fixed pair, which 
means it's shown little orbital 


motion (change in separation 
or position angle) since obser- 
vations were made in Struve’s 


time. You'll find it 
Gamma (7) Cephei. 


5° east of 


12 
‘This is 35 Piscium, a beautiful 
little gem that is easily the pick 
of the litter here. It has shown 
only a slight decrease in sepa- 
ration since William Herschel 
measured it in 1782. 


213 
‘This true binary pair has a 
period estimated to be around 
1,600 years. The separation has 
increased by 0.5" since Struve 
measured it in 1828. You'll 
need a good 5-inch or larger 
scope, a magnification of 200x 
or more, and steady seeing 
conditions to notch this one! 


m4 
‘This relatively fixed double has 
a faint companion that will 
challenge small-aperture scopes. 


215 
You'll find this relatively fixed 
pair about 6.5° north and 
slightly west of Iota (1) Ceti. 
‘Moderately high aperture and 
magnification is a must if you 
want to spot the magnitude 10 
companion. 


£16 
Here's another duo that man- 
dates an adequate-size scope 
and high magnification. This 
one is situated roughly midway 
between Sigma (6) and Zeta 
Cassiopeiae. 


217 
‘This is one of 21 pairs 1 
observed with the 3-inch 
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10 MORE FROM STRUVE’S CATALOG 


Number Con. RA. Dec. Mags. _ Sep. 
mn Cepheus ohism 78°01" «85,101 8.2" 
Ez Pisces ohism 849 61,75 11.5" 
3 Cepheus ohlém ——76°57'——7.0,71 1.0" 
4 Cetus ohiém —11°59'—«89,109 14.5" 
E15 Pisces Ohiém 536 77,98 49" 
216 Cassiopeia Ohi7m 54°39 77,88 5.9" 
317 Andromeda Ohi7m =—-2918 «84,98 26.7" 
58 Cepheus Oh2im 6740-8689 17" 
19 Andromeda Ohi7m 36°38’ 71,95 2.4" 
220 Pisces ‘him = 16°31" 89,97 11.9" 


Key:Con. = Constellation: LA. 
Mags. = Magnitudes: Sep. = Sep: 


tion 


during a marathon morning 
session June 20, 1979. In my 
logbook I wrote, “Surrounded 
by an attractive sprinkling of 
faint stars.” The two have wid- 
ened since Struve recorded a 
20" separation in 1828. 


218 

Surprisingly, this duo doesn’t 
appear in the WDS with an 
“STE” designation. Instead, it's 
listed with the John Herschel 
designation HJ 1018. 


x19 

You'll find this pair in the 
same field as magnitude 4.5 
Sigma Andromedae. 


20 

‘This relatively fixed pair 
appeared rather faint when 
viewed through my 3-inch 
scope at 60x. 


If you're a dyed-in-the-wool 
double star fanatic, you may 
ask, “Will you be covering 
Struve 21-30 or, better yet, the 
entire catalog?” No can do, my 
friend! First of all, this column 
covers a variety of topics, and 
to devote it solely to double 
stars would rightfully enrage 
my readers who prefer other 
sights, Moreover, more than 
3,100 multiple stars exist in the 
Struve catalog. At a 10-per- 
month pace, the entire job 


would encompass more than a 


ight ascension (2000.0; Dec, = Declination 2000.) 


quarter-century, and I may not 
be around that long 

However, you can put 
together your own Struve 
catalog, and you won't need to 
spend months poring over the 
pages of the Lick catalog, suf- 
fering from writer's cramp as 
you jot the info onto file cards. 
‘The Lick catalog was long ago 
supplanted by the WDS cata- 
log, currently being main- 
tained and continually 
updated by the U.S. Naval 
Observatory. If you observe 
double stars, you should con- 
sider it an essential resource. 

Until then, you can 
access the catalog online at 
ad.usno.navy.mil, selecting 
“WDS" from the menu on the 
left. You'll still need to be 
patient as you scroll down the 
pages looking for double stars 
with the STF designation. But 
then it’s a simple matter of 
using a word processor to cut 
and paste the relevant info. If 
doing the entire catalog seems 
a stretch, why not round up 21 
through 30? According to my 
file card (now yellowed with 
age!), I've notched four of these 
with the 3-inch, and two are 
beauts! Which two? Find out 
for yourself, 

Questions, comments, or 
suggestions? Email me at 
gchaple@hotmail.com, Next: A 
tour of the Washington Double 
Star Catalog. Clear skies! 


UP-TO-DATE SCIENCE AND 
ASTRONOMY NEWS. 


‘Entirelatvity tums 100, » Bette sanest THE MARTIAN, 


COVERAGE OF THE 2017 NORTH 
AMERICAN SOLAR ECLIPSE. 


MONTHLY OBSERVING TIPS AND 
PULL-OUT SKY CHARTS. 


REVIEWS OF THE LATEST OBSERVING 
AND IMAGING EQUIPMENT. 


12 CUTTING-EDGE ISSUES EACH YEAR. 


Subscribe online at Astronomy.com/offer 


Simply put, a variable star is 
one that changes brightness by 
any means. Backyard observ- 
ers can estimate a variable 
star's apparent magnitude 

as it rises and falls over the 
course of time and then plot 
the results as a light curve 
Sketching the observations 
can help improve an observer's 
ability to notice subtle vari- 
ances in stellar magnitudes. 

If you're new to variable star 
observing, Delta (8) Cephei 
makes a nice beginner's choice, 
It’s the prototype of the Delta 
Cepheid class of variable stars 
that, due to helium instabilities 
in their inner layers, pulsate 
with periods proportional to 
their luminosity. This means 
that their intrinsic brightnesses 
— and therefore distances — 
can be calculated directly from 
the length of their pulsation 
cycles, making them ideal 
cosmic measuring sticks. 


The artist sketched Mu (u) Cephet using 
a 1Z:inch f/45 Newtonian at 250x. He 
Used graphite on white paper and then 
scanned and inverted the sketch using 
image-editing software. He added color 
after scanning the sketch. Both sketches 
have been oriented so that north is up 
and west to the right. saeucworeo 


ASTROSKETCHING 


BY ERIKA RIX 


Variable stars 


Located near the king's head 
in the constellation Cepheus, 
Delta Cep forms a distinct 
triangle with Zeta (€) Cephei 
and Epsilon (e) Cephei. 
‘Telescopically, the variable star 
has a pale yellow hue with a 
7th-magnitude bluish compan- 
ion 41" farther south. It takes 
about 1% days for Delta Cep to 
rise to magnitude 3.5 in bright- 
ness before it slowly fades back 
to 4.4 for the remainder of its 
5.37-day variable period. You 
can estimate its brightness with 
either the naked eye or with 
binoculars by using Zeta Cep 
(magnitude 3.6) and Epsilon 
Cep (magnitude 4.2) for com- 
parison. If you can, record your 
observations nightly over the 
five-day time span. 

Gaze 6° west of Delta Cep to 
locate another pulsating vari- 
able star, Mu (tt) Cephei. This 
red supergiant is among the 
largest and brightest stars in 
our sky. Called Herschel’s 
Garnet Star, it appears visu- 
ally as ruddy yellow or 
orange. Unlike the 
short, regular peri- 
ods of Delta Cep, 
Mu Cep under- 

goes long, semi- 
regular periods 
of roughly 840 
and 4,400 days, 
varying 
between mag- 
nitude 3.4 and 
5.1 in brightness, 
Bear in mind that 
red stars like Mu 
Cep will appear 
brighter if you watch for an 
extended period of time. So 
estimate Mu Cephei’s magni- 
tude with a quick glance rather 
than a prolonged stare. Due to 
the length of its variable 
periods, monthly observations 
will suffice 


While 
sketching 
the star 
field, be 
extra dill 
gent when 
depicting 
star magni- 
tudes. Reassess 
the stars in your 
drawing often, and 
adjust their magnitudes 
as needed from the brightest to 
the faintest. Be sure to include 
the date and time (accurate to 
the minute) of your estimation 
as well as a thoroughly written 
record of your observation. 

Interested in contributing to 
science? The more information 
researchers can gather about 
the long-term behavior of vari- 
able stars, the better under- 
standing they gain of stellar 
properties and cosmic evolu- 
tion. With more than 150,000 
variable stars cataloged so 
far, this is a growing branch 
of amateur astronomy. 


Professional astronomers 
encourage backyard observers 
to submit their variable star 


‘The author sketched Delta (8) Cephel 
while using a 4-inch refractor on a 
German equatorial mount. She used an 
‘8mm eyepiece with a 0.5-degree true 
field of view for a magnification of 125x. 
She created the sketch with a #2 
graphite pencil and a 0.5mm 
‘mechanical pencil. She then scanned 
and inverted it in Photoshop, where she 
also added star color. tae mx 


observations to entities like the 
American Association of 
Variable Star Observers 
(AAVSO) so that researchers 
can access the collected data. 

Be sure to choose variable 
stars that are suited for your 
observing location, equipment, 
and schedule. Then settle in for 
a long-lasting, highly worth- 
while project. 


FROM OUR INBOX 


Childhood memories 


It was a wonderful surprise for me to find your article, “Behind 
the scenes at Kennedy Space Center,” in the July 2016 issue, It 
couldn't have come at a more opportune time. 

Tam scheduled to go to Orlando, Florida, for a technology 
conference in September, Although I scheduled a weekend of 
fun, I didn’t think for one instant of visiting such an important 
place, So, thank you for bringing it to my attention at the per- 
fect time and doing such a wonderful job of describing all the 


goodies I am about to see. 


Asa French child in 1969, I was up in the middle of the night 
watching Armstrong make history. And I never forgot that 
moment, or many others for that matter, which resulted from so 
much work at KSC. Now I am about to visit a place that I didn't 
realize that I could get so excited about. I can’t thank you 
enough for this. — Serge Ansay, San Diego 
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and more. 


readers’ images. 


Stay up-to-date with a free weekly e-newsletter 
full of astronomy news, reader gallery, sky events, 


Submit your celestial photos and be inspired by 


Comment on articles and blog posts and share your 
thoughts with the Astronomy online community. 


Join Astronomy magazine in Iceland! 


Fire, Ice, & Aurora Adventure 


Explore the fascinating and diverse geology of Iceland 
on this of a lifetime — and marvel at magnificent 
auroral displays under dark northern skies. 
The editors of Astronomy and Discover magazines, working with 
TravelQuest International, have put together a wonder-filled 
travel itinerary that features: 
+ 5 nights of aurora viewing from the optimal observation location: Iceland, blessed 


with frequent and spectacular displays under vast night skies. 


+ Iceland's remarkably varied geology of fire — active volcanoes, steaming geysers, 


and natural hot springs — and ice — magnificent glaciers and sparkling icefields. 


+ Lively discussions of starry skies and northern lights, and 


tips on nighttime photography techniques. 
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s BINOCULARUNIVERSE 


BY PHIL HARRINGTON 


Exploring 


Pegasus 


Surrounding our galaxy are 
150 huge swarming spheres of 
stars known as globular clus- 
ters. Each contains hundreds of 
thousands of old low-mass red 
and intermediate-mass yellow 
suns, Astronomers think the 
average age of those stars is at 
least 10 billion years old. 

‘This month, let's visit two 
bright globular clusters visible 
from mid-northern latitude: 

We can use the star Enif 
(Epsilon [e] Pegasi) at the tip of 
Pegasus’ nose as our starting 
point. Through binoculars, Enif 
has a yellowish glint. That's 
because we are looking at a 
spectral K-type supergiant. Enif, 
is 670 light-years away, and its 
total luminosity output is 6,700 
times greater than our Sun's. It 
is also 185 times larger. If Enif 
replaced the Sun, its edge would 
extend nearly to the orbit of 
Earth. 


The bright star Enis a yellowish, K-type supergiant, a beautiful glimmer as seen in 
binoculars. Tis sketch shows the star as seen in a6-inch telescope at 120x. xasuy rez 
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But time is short for Enif 
Studies suggest that within a 
few million years, it will lose its 
battle against aging. At that 
point, it will either explode asa 
supernova or expel its outer 
layers as a planetary nebula and 
the core will collapse into a rare 
neon-oxygen white dwarf. 
Binoculars also show that 
Enif is attended by an 8th- 
magnitude companion a little 
more than 2' northwest. While 
their allegiance is purely cir- 
cumstantial — they are actually 
nowhere near each other in 
space — that wide separation 
makes resolution easy. Many 


observers comment that the 
companion looks pale blue, 
creating a nice color contrast. 
Onward to our first globular 
cluster, M15. It floats just 4° 
northwest of Enif, so it should 
fit into the same field of view. 
MIS was discovered by Italian 


The bright globular star cluster MS 
appears asa fuzzy blob when seen 
through binoculars. oy cass 


astronomer Giovanni Maraldi 
in 1746. Charles Messier first 
saw it 18 years later. In Messier’s 
words, M15 is a “nebula without 
astar. .. Itis round, in the cen- 
ter it is brilliant.” This is an apt 
description through modern 
binoculars as well. Not any of 
its 100,000 or more stellar deni- 
zens are resolved through bin- 
oculars, although I get a sense 
of “graininess” when I look at it 
through my 25x100 giants. 

MIS holds a hidden treasure 
that our binoculars miss but is 
still interesting to ponder as we 
gaze its way. Back in 1927, 
American astronomer Francis 
Pease spotted something 
unusual in a photograph of M15 
taken with the 100-inch Hooker 
reflector at Mount Wilson 
Observatory in California, In his 
report published the following 
year in the Publications of the 
Astronomical Society of the 
Pacific, Pease reported that 
“through the ‘Pulkowa ultra- 
violet’ color filter, the star 
Kustner No. 648 . .. appeared 
very bright as compared with the 
surrounding stars.” 

‘Those surrounding stars 
appeared identical to Kustner 
648 in visible-light images, 
which triggered Pease 
ity. Up to this point, Kustner 
648 was thought to be just 
another star cataloged by 
German astronomer Friedrich 


curios- 


Kustner. But Pease’s results 
were unmistakable, He had 
detected that Kustner 648 was 
no star at all; it was a planetary 
nebula, Now cross-listed as 
Pease 1, this was the first plan- 
etary nebula to be discovered 
within a globular cluster. Even 
today, nearly a century later, 
only three others are known 


Globular cluster M2 is slightly more 
challenging to spot in binoculars than 
its neighbor M15. 01 ova 


Our second globular cluster, 
‘M2, lies in Aquarius. From 
M415, shift your aim 13° to the 
south. Like M15, M2 was also 
discovered by Maraldi in 1746. 
Not only do they share the 
same discoverer, M2 and M15 
are both a little over 33,000 
light-years away 

At first glance, M2 appears 
identical to M15, like a distant 
ball of celestial cotton. But 
because they are just two bin- 
ocular fields apart, it’s fun to 
compare one against the other. 
Do they really look identical to 
you, or do you see subtle differ- 
ences? Not to prejudice your 
perception, but to me M15 
seems alittle smaller, but also a 
little brighter than M2. M2 also 
looks slightly oval to me, while 
MIS is perfectly spherical. 

As you go back and forth 
between M2 and M15, you'll 
pass near a challenging binary 
star, 3 Pegasi, Stop and take a 
look. Binoculars show that this 
6th-magnitude sun is accompa- 
nied by an 8th-magnitude com- 
panion separated by 39". That's 
barely resolvable through 10x50 
binoculars, and a fun test for 
you and your binoculars. If you 
can't separate the pair, brace 
your binoculars against a sup- 
port, such as a fence, Better 
still, mount them on a tripod. 

I'd enjoy hearing your expe- 
riences viewing M2 and M15, 
as well as Enif and 3 Peg. Please 
contact me through my web- 
site, philharrington.net, Until 
next month, remember that 
yes are better than one, 


two 


Phil Harrington is a longtime 
observer and contributing 
editor of Astronomy. 


Solar binoculars 
GreatAmericanEdipse.com 

Santa Fe, New Mexico 

‘SUNoculars 8x32 by Lunt Solar 
‘Systems have front-mounted, fully 
dense white-light glass filters that 
make solar observation safe. The 
filters cut sunlight to Yioo.000 of 

its normal brightness. Eye relief 

is 13.6mm. The unit weighs 

18 ounces (510 grams) and comes 
with eye caps and a soft case. 
Price: $129 

[el] GreatAmericanEclipse@gmail.com 
[w] www. GreatAmericanEclipse.com 


Flattener 


~ 


Tntroducing Other World 
Teons of Fantasy: 
Epic Journeys Coloring Book 


Perfect for col- 
orists interested 
in gaming and 
fantasy art, 
Epic Journeys 
offers detailed 
illustrations from 
acclaimed artists 
Dana Knutson, 
Mark Nelson, Jeff Easley, and Larry 
Elmore. You'll enjoy 6 illustrations from 
each artist, for a total of 24 beautiful 
works of art. Printed on premium 
paper stock 

64 pages » #52003 » $14.99 


‘Soa tax were apical 


Attention, manufacturers: To submit a product 
for this page, email mbakich@astronomy.com. 
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Orion Telescopes & Binoculars 
Watsonville, California 

Orion's Field Flattener for EON 
104mm ED-X2 Triplet Refractor 
eliminates inherent field cur- 
vature to correct misshapen 
stars near the edge of the 

field of view. The tapered 

2" barrel securely fits into 

the EON 104mm ED-X2 
focuser. The unit weighs 


8.3 ounces (235 grams). glasses. 
Price: $299.99 Price: $39.95 
{800.447.1001 [t] 703.243.7100 

| [wlwww.telescope.com Iw] www.nsta.org 


Power kit 

Celestron, Torrance, California 
Celestron’s Powertank Lithium 
is an environmentally friendly 
portable power pack for your 
telescope. By using Lithium Iron 
Phosphate chemistry, the pack 
can handle up to 2,000 charge 
cycles, The Powertank’s 


shelf life is 10 years without 
recharging. Sun book 
Price: $139.95 NSTAPress 
[t) 310.328.9560 Arlington, Virginia 
[wl www.celestron.com Solar Science: Exploring Sunspots, 


Seasons, Eclipses, and More, by 
Dennis Schatz and Andrew 
Fraknoi, offers more than three 
dozen hands-on, inquiry-based 
activities on many fascinating 
aspects of solar astronomy, The 
book comes with a 16-page 
guide to the 2017 total solar 
eclipse and solar viewing 
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gp OBSERVAT DRIES 
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POD MAX 
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TECHNICAL INNOVATIONS \W, 
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FOCUS ON 


‘The Werner Schmidt Observatory 
‘South Yarmouth, MA 
The observatory located an the grounds of the Dennis-Yarmouth 
Regional High Schoo is the only public observatory on Cape Cad. It 
has generate interest in astronomy. The project was funded by the 
Cape Cod Astronomical Foundation and buit by the Cape Cod 
Regional Technical High School students. The building was designed 
to provide people with disabilities access via @ CCD camera and 
‘monitor screen. It has been a welcome addition 
to the educational community. 2m, 
ASHMANUFACTURING COMPANY © . 
PO. Box 312 
Plainfield, IL USA 60544 
815.436.9403 » FAX 818.436.1032 
web site: www.ashdome.com 
email: ashdome@amertechnet 
ASH-DOME is recognize interationaly ty maar atonal orous, amateurs, universes, colleges secondary & primary schools for 
their performance durability and dependability. Manual or electrically operated units in sizes from 8 to 30 fet in diameter; sensibly 
riced, Brochures and specications availabe 
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1. MAJOR DISCONNECT 
Comet Pan-STARRS (C/2013 X1) 
exhibited a kink inits dust tail June 16, 

16, from Farm Tivoli, Namibia, Africa. 
+ Gerald Rhemann 


2. GALACTIC GLORY 
Spiral galaxies NGC 5078 (lower left) 
and NGC5101 dominate this tiny part 
of the constellation Hydra, The smaller 
galaxy near NGC 5078 is IC 879, which 
glows softly at magnitude 13.2. The 
reddish star between the two brighter 
objects glows at magnitude 7.8 

+ Dietmar Hager 


3. NEAR TREE, FAR HUNTER 
‘A dead desert willow tree is super 
imposed on the famous constellation 
Orion the Hunter. Coppery Betelgeuse 
lies near the top of the starry figure 
and blue-white Rigel at its bottom, 
«Stephen Dorn 


4. SOUTHERN SPLENDOR 
The four bright stars of the smallest 
constellation, Crux the Southern 
‘dominate the left side ofthis 
-field image. The Carina Nebula 
372) does the same on the right 
+ Carlos Fairbairn 


5. PLANET-LIKE 
Planetary nebula NGC 6781 in Aquila 


glows in various colors because 
radiation from its central staris 
exciting different kinds of gas. The 
red comes from hydrogen and the 
blue from oxygen. «Ron Brecher 


6. SPHERE OF SUNS 
Globular cluster M92 isthe lesser 
known of the ier globulars 
that lie in the constellation Hercules. 
Itstill makes a worthy target for 
observers, however, because it shines 
at magnitude 6.4 and measures 14’ in 
diameter. -Behyar Bakhshandeh 


7. PURPLE HAZE 
NGC2112 isa magnitude 9.1 open 
cluster in Orion. Itlies some 2,800 
ars away. The faint gas, 
surrounding itis too dim to detect 
but cameras record 
itwell. Dan Crowson 
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8. OUR HERO! 
The constellation Perseus is one of 
the great figures in the Northern 
Hemisphere's fall sky Itranks as the 
17th-brightest star pattern overall and 
24th largest, covering 1.5 percent of 
the sky. The easlly visible open star 
clusters h and Chi (g) Persei (NGC 869 
and NGC 884) ie near the top of this 
Image, just above the reddish star that 
marks the hero's head. Both are within 
the boundaries of Perseus. At the lower 
right, however, is another — even 
more famous — open star cluster that 
doesn’t belong to the constellation. 
That's the famous Pleiades (M45), and 
ities in Taurus the Bull. « Tony Hallas 


Send your images to: 
Astronomy Reader Gallery, P.0. Box 
1612, Waukesha, WI 53187, Please 
include the date and location ofthe 
image and complete photo dat 
telescope, camera, filters, and expo- 
sure, Submit images by email to 
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The solar system formation theories have 
all been disproven. The first person to 
disprove “The AP Theory” which logically 
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solar system and how our atmasphere 
is being held down without gravity wins. 
Must include an example in nature (on 
Earth) and a successful experiment. 
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The heart of 
the Crab 


On July 4, 1054, Chinese 
and Japanese astronomers 
noticed a brilliant new 

‘star in Taurus. Little did 
they know, they were 
witnessing a massive 

star's cataclysmic death, 
When its core collapsed, 
the event triggered a 
supernova that ejected the 
star's atmosphere, which 
today forms the expanding 
filaments of the Crab 
Nebula (M1). The collapsed 
core settled down asa 
neutron star that currently 
spins 30 times per second 
and energizes the entire 
nebula, This Hubble 

Space Telescope portrait 
combines three exposures, 
taken over a 10-year 
period, of the Crab’s inner 
3 light-years. The neutron 
star is the lower right of 
the bright pair below the 
image's center. sissaesn 
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optics and come complete with Crayford- 
style focuser’, two eyepieces and finderscope. 


In addition to all of the other features, our Pro series 14- and 16-inch 
models boast fast-cooling conical mirrors, collapsible bases for even 
more portability and dual-speed Crayford-style focusers. 


So if you're looking for a big light bucket with a little price tag, 
Sky-Watcher USA has what you need. 
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of optical tubes 
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Tracks 20° past meridian on either side, maximizing the best 
imaging time 

Improved ergonomics with smoother polar align adjustments 
Buin All Star Polar Alignment technology 

Mount head weighs only 44 Ibs 


Includes sophisticated new telescope contra software developed in 
conjunction with Planewave Instruments. Features include multi-point 
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January 2017: Venus reaches its peak 


‘As the new year begins, two 
bright planets adorn the west- 
ern evening sky against the 
relatively faint backdrop of 
Aquarius the Water-bearer. 
Venus and Mars form the base 
of an isosceles triangle with the 
bright star Fomalhaut in neigh- 
boring Piscis Austrinus being 
the apex to their upper left. 
Venus gleams at magnitude 
-4.4, more than 100 times 
brighter than magnitude 0.9 
Mars, which itself barely bests 
magnitude 1.2 Fomalhaut. 

Venus shines like a beacon 
throughout January, bright- 
ening to magnitude ~4.7 by 
month’s end. The inner world 
reaches greatest elongation on 
the 12th, when it lies 47° east of 
the Sun and appears nearly 20° 
above the western horizon an. 
hour after sunset. Although it 
loses altitude in the following 
weeks, it continues to approach 
Mars, which descends even 
more quickly from its perch 
to Venus’ upper right. 

Those with telescopes should 
watch the changes to Venus’ 
illumination around the time 
of greatest elongation. The plan- 
et’s phase reaches 50 percent 
on January 14, But the time at 
which observers actually view 
Venus as exactly half-lit typi- 
cally differs from this calculated 
moment by a few days — a phe- 
nomenon known as Schréter’s 
effect. By the end of the month, 
only 40 percent of the planet’s 
30"-diameter disk appears lit. 

Venus passes from Aquarius 
into Pisces on January 23, just 
four days after Mars makes the 
same crossing. Despite their 
proximity in the sky, the Red 
Planet pales in comparison with 


Venus not only in brightness 
but also in telescopic appeal. 
Mars’ disk measures just 5" 
across and appears featureless. 

Still, you can use Mars to 
locate the solar system’s faintest 
planet. On January 1, the Red 
Planet passes 1.2' south of 8th- 
magnitude Neptune. Closest 
approach occurs at 7h UT, but 
the two remain within 0.5° of 
each other all day. Through a 
telescope at medium magnifica- 
tion, you should be able to see 
Neptune's 2.2"-diameter disk 
and distinctive blue-gray color. 

Jupiter continues to draw 
away from the Sun and domi- 
nates the morning sky during 
January. The giant planet rises 
shortly after midnight local 
time early in the month and 
nearly two hours earlier by 
month’s end. It remains in 
Virgo, some 4° north of that 
constellation’s brightest star, 
Ist-magnitude Spica. At mag- 
nitude -2.0, however, Jupiter 
appears 15 times brighter than 
the blue-white star. 

As the morning progresses 
and Jupiter climbs higher, it 
becomes a splendid object 
through a telescope. Observers 
typically spend their time 
focusing on the planet’s banded 
atmosphere, cloud-top detail, 
and four bright moons. But a 
more-subtle feature is worth a 
look as well. Even small instru- 
ments show Jupiter is flattened, 
with an equatorial diameter 
7 percent greater than its polar 
diameter. In mid-January, for 
example, the planet measures 
37.0" across its equator and 
34.7" through its poles. 

Saturn returns to view 
before dawn this month, It rises 


about an hour before the Sun in 
early January and gains 30 min- 
utes on our star with each pass- 
ing week. By month’s end, you 
can find it 20° high in the east 
as twilight begins. The planet 
lies among the background 
stars of Ophiuchus, below the 
familiar curve of stars that 
forms the shape of Scorpius 
the Scorpion, Saturn shines at 
magnitude 0.5, brighter than 
any of the stars in this area. 
‘The ringed planet makes a 
beautiful sight through tele- 
scopes once it climbs higher 
late in the month. On the 31st, 
Saturn’s disk measures 16" 
across while the rings span 35” 
and tilt 27° to our line of sight. 
By the second week of 
January, Mercury appears to 
Saturn’s lower right. It reaches 
greatest western elongation on 
January 19, when it lies 24° from 
the Sun and stands 11° high in 
the east-southeast 45 minutes. 
before sunrise. A telescope then 
reveals a 7"-diameter disk that’s 
nearly two-thirds illuminated. 
But the best views likely will 
come a week to 10 days earlier, 
when the planet shows a pretty 
crescent measuring 8" across. 


The starry sky 
From time to time, I reflect on 
constellations that are no more. 
Recently, as I was gazing toward 
Canis Major the Big Dog, I 
found myself thinking about 
one that disappeared long ago. 

Gallus the Cockerel (a young 
rooster) first appeared in the 
early 17th century. Flemish 
astronomer Petrus Plancius 
included it on his 1612 celestial 
globe, depicting it behind the 
dog and facing in the same 


direction. The constellation’s 
stars belong to what we now 
consider part of northern 
Puppis the Stern. Gallus existed 
in the vicinity of Xi (€) and 
Omicron (0) Puppis, several 
degrees east of Tau (1) Canis 
Majoris. It’s not really clear why 
Plancius included the diminu- 
tive shape on his lovely globe. 
Several celestial cartogra- 
phers subsequently included 
Gallus on their charts. Perhaps 
the most notable of these was 
German astronomer Jacob 
Bartsch, who incorporated the 
star pattern in his 1624 chart, 
In his attempt to connect con- 
stellations with the Bible, 
Bartsch suggested that Gallus 
was the rooster that crowed 
after Peter had three times 
denied knowledge of Jesus. Six 
years after he published his 
star charts, Bartsch married 
Johannes Kepler's daughter. 
January evenings are a good 
time to ponder the history of 
this now-obsolete constellation 
because the region lies high in 
the east. While you do so, scan 
the area with binoculars to see 
if you can spot a tiny patch of 
light about 1.5° northwest of 
3rd-magnitude Xi Pup. (Xi is 
easy to recognize thanks to the 
presence ofa Sth-magnitude 
star just 5’ to its southwest.) 
That fuzzy glow is open 
cluster M93, and I find it to 
be an attractive sight through 
a 10-centimeter telescope. 
Although it covers only a small 
part of a low-power field, a few 
dozen stars pop into view. M93 
looks even nicer using averted 
vision (looking a bit away from 
the cluster), which makes its 
stars stand out more clearly, 
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HOW TO USE THIS MAP: This map portrays 
the sky as seen near 30° south latitude. 
Located inside the border are the four 
directions: north, south, east, and 
west. To find stars, hold the map 
overhead and orient it soa 

direction label matches the 

direction you're facing. 

The stars above the 

map’s horizon now 

match what's 

in the sky. 


% SEXTANS 


‘STAR COLORS: 

Stars’ true colors 

depend on surface 

temperature. Hot 

stars glow blue; slight- 

ly cooler ones, white; 
intermediate stars (like 

the Sun), yellow; followed 

by orange and, ultimately, red. 
Fainter stars can’t excite our eyes’ 
color receptors, and so appear white 
without optical aid. 


usations by Atonay: Roem Kelly 


JANUARY 2017 


Calendar of events 


1 Mars passes 0.02° south of 
Neptune, 7h UT 


2. The Moon passes 1.9° north of 
Venus, 9h UT 


3 The Moon passes 0.4° north of 
Neptune, 4h UT 


The Moon passes 0.2° north of 
Mars, 7h UT 


4 Earths at perihelion (147.1 
million kilometers from the Sun), 
14h UT 


5. First Quarter Moon occurs at 
19h47m UT 


6 The Moon passes 3° south of 
Uranus, 2h UT 


7 Pluto isin conjunction with the 
Sun, 7h UT 


8 Mercury is stationary, 10h UT 


9 The Moon passes 0.4° north of 
Aldebaran, 15h UT 


10 The Moon is at perigee (363,238 
kilometers from Earth), 6hOIm UT 


12. Full Moon occurs at 11h34m UT 


Venus is at greatest eastern 
elongation (47°), 13h UT 


13 Venus passes 0.4° north of 
Neptune, 2h UT 


15 The Moon passes 0.8° south of 
Regulus, Sh UT 


18 Asteroid Vesta is at opposition, 
ThuT 


19 The Moon passes 3° north of 
Jupiter, Sh UT 


Mercury is at greatest western 
elongation (24°), 10h UT 


Last Quarter Moon occurs at 
22h13m UT 


20 Jupiter passes 4° north of Spica, 
2hUT 


22 The Moon is at apogee (404,914 
kilometers from Earth), Oh14m UT 


24 The Moon passes 4” north of 
Saturn, 10h UT 


26 The Moon passes 4° north of 
Mercury, th UT 


28 New Moon occurs at 0hO7m UT 


30 The Moon passes 0.2° north of 
Neptune, 11h UT 


31 The Moon passes 4” south of 
Venus, 15h UT 


Astronomy. 


TO READ A STAR CHART AT www.Astronomy.com/starchart. 


REGISTERED USERS GET EXCLUSIVE ACCESS! 


Enjoy MORE fromAstronomy 
when you register online! 

+ Get kl il letter feat 

“Gecamecty eral ee ae ae 
+ Submit your photos and be inspired by at images. 


+ Watch exclusive videos on observi 
cutting-edge science, and mor 


+ Comment on articles.and shai rt 


Register now and you'll geta 
collection of Astronomy articles 
to download instantly! 


It’s FREE to sign up! Visit Astronomy.com/FreeGift 
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